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EDITORIAL 


This, the first number of “ Agriculture and Live-stock in India ”, 
inaugurates the new series of publications in agricultural and veteri¬ 
nary science, issued by the Imperial Council of Agricultural Research, 
which will take the place of the “ Agricultural Journal of India ”, the 
“ Journal of the Central Bureau for Animal Husbandry and Dairying ” 
and the Memoirs and Bulletins of the Imperial Department of Agricul¬ 
ture in India. “ Agriculture and Live-stock in India ” is intended to 
be a general journal appealing to a wide circle of readers. The other 
two journals, viz ., the “ Indian Journal of Agricultural Science ” and 
the “ Indian Journal of Veterinary Science and Animal Husbandry ” 
will be scientific journals and will largely take the place of the Bulletins 
and Memoirs. It may be observed however that from time to time the 
Council will also bring out special monographs when scientific material 
is available for publication which requires a special format or which 
for other reasons cannot conveniently be published in either of the 
journals. The “ Indian Journal of Agricultural Science ” will appear 
in February 1931 and thereafter in alternate months; the “ Indian 
Journal of Veterinary Science and Animal Husbandry ” will be a quar¬ 
terly, the first number appearing in March 1931. During 1931 “ Agri¬ 
culture and Live-stock in India ” will appear in alternate months, in 
the same manner as the “ Agricultural Journal of India ” which it 
replaces, but it is hoped to issue it monthly in 1932. 

A new feature of the journals will be the abstracts sections. These 
can only be developed gradually but the Research Council has recently 
organised a system of abstracting and, with the help of collaborators 
in the various provinces, it is hoped that all important work in agricul¬ 
tural science published in India will be abstracted in one or other of the 
journals At present much useful technical information is only pub¬ 
lished in the reports of Agricultural Departments and of experiment 
stations and farms where it is not easily accessible, whilst some scientific 
work of considerable interest to agricultural workers is published in 
journals not readily available. By means of the system of abstracts 
now being inaugurated, it is hoped to keep agricultural research workers 
in India more fully in touch with the work which is being done by other 
investigators in the country. 

The “ Indian Journal of Agricultural Science ” and its counterpart, 
mi i n< ^l n ^ ourn ^ Veterinary Science and Animal Husbandry ”, 
will also anord a suitable medium for the publication of a class of mate- 

( ad ) 
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rial which has not been suitably provided for in tbe past, as the Pusa 
Memoirs were largely limited to accounts of completed work. The new 
journals will also be open to short notes on the results of minor investi¬ 
gations or other matters of interest which are suitable for a scientific 
journal. 

The first of the series of special monographs will be “ The Fungi of 
India ” by Butler and Bisby, a valuable contribution from the Imperial 
Bureau of Mycology. 

Permission has been obtained from the newly established Imperial 
Agricultural Bureaux to reproduce in our journals certain of their techni¬ 
cal communications and certain abstracts which are of general interest. 

Attention is invited to the “ instructions to authors ” contained 
elsewhere in this number. Only by the full co-operation of all contri¬ 
butors will it be possible for the Council to achieve the programme for 
the prompter publication of scientific work which it has set before it. 
Publication work in India has difficulties of its own—mainly those which 
are caused by distance. If authors will co-operate in the manner pro¬ 
posed in the instructions—especially in ensuring that all manuscript is 
complete in every detail when first submitted and by returning proofs 
promptly—these difficulties can be surmounted. 
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REPORT ON THE ALL-BCRMA TRACTOR TRIALS, 1930. 

BY 

A. HAYES, A.M.I.Mech.E., 

Agricultural Engineer, Burma, Mandalay. 


I. Preliminary arrangements. 

Work was commenced in organizing these trials in September 1929, when the 
various agents in Rangoon were asked to submit their entries. There was an 
excellent response and eleven tractors were entered. 

In January a suitable site was chosen at a distance of two miles from Mingala- 
don Cantonment Railway Station in Shwe-hle-gyaung Kwin, this stretch of land 
having been lent for the purpose by U Tun, B.A. During the same month work 
was commenced in levelling the land and constructing Icazins (bunds), and this 
work continued until the commencement of the trials on April 28th. 

Bunds were so made as to make each plot for each trial of exactly equal acreage 
and of the same shape, the conditions on all plots being as near as possible the 
same. In order to get trials on both hard-baked land and in slush at the same 
time, it was necessary to flood ten acres of land by pumping. This land was 
flooded continuously for a month before the trials commenced. 

The comfort of the spectators was catered for by the erection of a large pandal 
and quarters were erected for the tractor drivers. A rough motor road was con¬ 
structed from the main Rangoon-Pegu road to the site of the trials, and a bus 
service was arranged from Mingaladon to the site. 

Arrangements were made with the Burma Railways to issue cheap return 
tickets to all bonafide landowners and cultivators at a single fare for the return 
journey from all stations in Burma. 

The Burma Oil Company very kindly gave all the kerosene, petrol, lubricating 
oil and grease used during the trials free of charge, and they established a distribu¬ 
ting depot at the site. 


l 
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II. The object of the trials. 

The object of the trials was:— 

(а) To find out which tractor is most suited to the various conditions prevailing 

on the paddy lands of Burma during the ploughing season. 

(б) To study the possibilities of tractor cultivation for paddy lands. 

(c) To get accurate figures as to the cost of ploughing and harrowing with power 

draught as against cultivation with bullock draught. 

(d) To give the various cultivators and landowners who are contemplating buy¬ 

ing tractors a chance of seeing the various makes at work under exactly 
the same conditions. 

(e) To bring tractor cultivation to the notice of landowners and cultivators in 

general. 


III. The conditions. 

The conditions as laid down before the trials commenced were as follows:— 

Each tractor agent or manufacturer will be permitted to enter one tractor of 
each size or design in which he deals. 

These machines must be driven and operated by Burmans or Indians domiciled 
in Burma, and no expert advice will be allowed whilst the trials are in progress. 

Each tractor agent or manufacturer will provide his own drivers and plough¬ 
men, and will forward his tractors to the site and return them at his own expense. 

The Agricultural Department will advertise the trials throughout Burma, but 
firms are asked to co-operate in doing this. 

The plots will be allotted to the various entrants by means of drawing numbers. 
Judging will be carried out by a Board of three Government officials. 

In judging the following points will be taken into consideration:— 

(o) The quality of the work done. 

(b) Fuel and lubricating oil consumption. 

(c) Speed of ploughing or harrowing. 

(d) Price of the tractor, ploughs and harrows. 

(e) Draw-bar pull. 

(f) Accessibility of the engine. 

(g) General construction of the tractor and its mobility. 

In working out the cost per acre ploughed, it will be assumed that the tractor 
will work for 120 days per annum, eadi day’s work being of 10 hours’ duration, 
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As it will be impossible to get accurate figures for lubricating oil and grease 
consumptions in such a limited test, figures will be taken from past records and the 
cost of the amount used will be given as being the same for each tractor. 

The rates for fuel, lubricating oil, and grease, in working out the cost per acre 
ploughed, will in all cases be the normal Rangoon rates ruling at the time of the 
trials. These rates are as follows :— 

B. 0. C. Gold Mohur kerosene . . . Ha. 3-3-0 per 4-gallon tin. 

B. 0. C. petrol.Rs. 2-1-0 per 2-gallon tin naked. 

B. 0.0. tr&otor lubricating oil , . Rs. 2-0-0 per gallon naked. 

B. 0. 0. Burmoline grease 2 lb. tins at annas seven per lb. 


IV. The trials. 

The trials were held for three days on April 28th, 29th and 30th, the working 
hours being from 7-30 a.m. to 10-30 a.m. and from 3-30 p.m. to D-30 p.m. 


Trial /.— Monday, April 28th, (morning). 

Ploughing on open , hard-baked, clay soil .—Each competitor was required to 
plough three-fourths of an acre to a depth of live inches, this being the usual depth 
of ploughing on paddy lands in Burma. 

Before the commencement oi this trial the competitors drew for plots, and the 
numbers which they drew held good for the remaining trials. 

The land was very hard and contained a large percentage oi clay. 

The drivers, with two exceptions, had had no previous ploughing experience, 
most of them having been lorry drivers before being taken on for the trials. The 
ploughing, in spite of this, was, on the whole, good. All the nine tractors com¬ 
peting finished the trial, and there were no compulsory stoppages. 

The three International tractors, working on plot Nos. 1,2 and 9, all did good 
steady work. The drivers did not rush their tractors and paid careful attention to 
their ploughing, whioh was good and even. 

The Ruahton tractors, working on plot Nos. 3 and 6, did not do so well, due 
mainly to the inexperience of their drivers. The cost per acre ploughed, in the 
case of the Crawler tractor, was very high, and the depth of ploughing fluctuated 
from two inches to ten inches. 

The Caterpillar IB, working on plot No. 4, did the best ploughing in the trial at 
a good steady speed. It made really a good job of the work in hand. It was un¬ 
fortunate that it was running on petrol only, as this put the working costs up consi¬ 
derably. 
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The Fordson, working on plot No. 5, did not do good ploughing, and hare again 
the working coats were increased by running on petrol only. The driver of this 
tractor was apt to lose his head at the slightest provocation. 

The two Cletrac tractors, working on plot Nos. 7 and 8, sacrificed the quality 
of their work for speed. Although the drivers of both machines were good, they 
had little or no chance of attending to their ploughing at the speed at which they 
drove. Owing to the drivers finishing their work much more quickly than the 
drivers of any other tractor, the cost per acre ploughed was less. If a tractor is 
to have a moderately long life, it is not advisable to drive it, under hard conditions, 
at full throttle. 

The average cost per acre ploughed for all tractors entered was Re. 5-6-8, and the 
lowest cost was put up by the 12/20 Cletrac at Rs. 4-2-6 per acre. 

Details of the cost per acre ploughed for each machine are given in Appendix 
I (pp. 10-11), and the marks allotted are given in Appendix V (p. 18). 

Trial II. Monday {evening). 

Ploughing on half-acre bunded, hard-baked plots .—Each competitor was required 
to plough two plots of half an acre each to a depth of five inches, without breaking 
the bunds. 

The three International tractors, working on the same numbered plots, again 
did good steady work, although the 10/20 and 22/36 tractors could not get into the 
corners of the small bunded plots, with the result that there was a certain amount 
of land left unploughed. 

One Rushton tractor (four-wheel model) could not start owing to magneto trouble, 
and the other failed to finish owing to the driver making too sharp a turn and 
damaging the plough. 

The Caterpillar 15 again did the best ploughing. It got into all the comers and 
left no unploughod land, without in any way damaging the bunds. The ploughing 
. was very straight and even, at a constant dopth of five inches. 

The driver of the Fordson again lost his head and wandered all over the plots, 
ploughing at depths ranging from eight to three inches. 

The Cletracs did average ploughing but they lost a great number of marks through 
completely demolishing the centre bund, through turning outside the plots in which 
they were supposed to be ploughing. Again the tractors were driven too fast to do 
really good work. 

The average cost per acre ploughed for all tractors entered was Rs. 5-5-8, and 
the cheapest cost was put up by the 12/20 Cletrac at Rs. 4-7-5 per acre. 

Details of the cost per acre ploughed for each machine are given in Appendix 
II (pp. 12-13), and the marks allotted are given in Appendix V (p. 18). 
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Each tractor was required to disc-harrow the 1'75 acres of laud ploughed on the 
previous day. As the land was not fit for disc-harrowing immediatly after ploughing, 
marks were not allotted for the quality of work done, but deductions were made for 
any land which was missed. 

Out of the three International tractors entered, two failed to finish. This was 
due to the fact that the agents had only one efficient harrow. The 22/36 tractor 
tried to use a multi-disc wheat-land plough, but as it was not successful it did 
not complete the plot. The 12/20 tractor was pulling a 24-disc harrow, but as the 
link broke it was compelled to give up the trial. The Farmall did good work, 
and, together with the Fordson, was the first to finish. 

The Bushton Crawler again failed to finish, and as the agents had only one disc 
harrow, their other tractor did not compete. 

The Caterpillar, Fordson and Cletracs all did good work, and experienced no 
trouble. 

Tho average cost per acre harrowed for all machines entered was Rs. 1-7-7. 
The cheapest cost was put up by the International Farmall at Rs. 1-0-2 per 
acre. 

Details of cost are given in Appendix III (pp. 14-15), and the marks allotted 
are given in Appendix V (p. 18). 


Trial IV. Tuesday (evening). 

Each tractor was to be te'sted for draw-bar pull with a dynamometer, against 
a dead load. 

Before starting this test strict instructions were given to the tractor drivers to 
take a steady pull on tho dynamometer, but in spite of this tho driver of the 
Cletrac tractor slackened his draw chain, and took a running jerk, with the result 
that he broke the dynamometer. At this time the draw-bar pull of only two 
tractors had been tested and as it was impossible to get another dynamo¬ 
meter in Rangoon, the test had to be cancelled. , 

The 10/20 International tractor had a draw-bar pull of 5,040 lb. 

The Rushton (Crawler model) had a draw-bar pull of 5,208 lb. 

In place of this test, tractors were tested for ease of manipulation. Careful 
note was made of the turning radius, ease of crossing bunds, and ease of steering 
when working on dry and wet lands. 

The marks allotted are given in Appendix V (p. 18). 
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Trial V. Wednesday, April 30th (morning). 

Each tractor was required to plough a f-acre bunded plot, having a covering of 
about six inches of water. 

This trial was made more difficult owing to the land being lower at one end of 
the plot than the other. At the low end there was as much as two feet of water. 
Considerable delay was caused in getting the tractors into the plot, but the trial 
eventually started at 8-45 a.m. 

The three International tractors did by far and away the best ploughing, and it 
was noticeable that with angle-iron grouters fitted there was practically no skidding. 
The work of the Farmall was very good and, taking into consideration the conditions, 
the cost per acre ploughed, i.e., Rs. 3-3-7, is exceptionally low. 

The Rushton 4-wheel model was not entered. The Rushton Crawler performed 
well, but the driver had no idea of ploughing, and, in addition to missing a great 
deal of land, the depth varied all over the plot. 

The Caterpillar 15 started badly, by first burying its disc plough, and then trying 
to bury itself. Eventually a mouldboard plough was borrowed and it did moderate 
work, but due to the tractor having to avoid the buried disc plough about a quarter 
of the plot was left unploughed. This was unlucky, as, up to this trial, this tractor 
had done excellent work. 

The Fordson sacrificed quality of ploughing for speed, with the result that the 
driver got the tractor stuck and wasted a good deal of time. The ploughing was 
uneven and land had been missed at the corners. 

The Cletrac tractors both experienced trouble and were continually stopping. 
The 12/20 was eventually disqualified for detaching the plough in the plot, and 
trying to plough the land by running the tractor up and down in the slush. In 
the case of the 20/27 a great deal of land had been missed and no attempt had been 
made at keeping a straight furrow. 

To enable the judges to judge the ploughing, the wator was let off the plots dn 
the completion of the test. 

The average cost per acre ploughed for all tractors entered was Rs. 4-13-4. 

Details of the cost per acre ploughed are given in Appendix IV (pp. 16-17), and 
the marks allotted are given in Appendix V (p. 18). 

Trial VI. 

Each tractor was thoroughly inspected and marks were given for general con¬ 
struction and finish. 

The 22/36 International has every possible appliance fitted for keeping the fuel 
consumption down to a minimum. It has removable liners and large inspection 
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doors. It is fitted with a water pump, lubricating oil pump, water by-pass for 
beating, water injection, adjustable draw-bar, dog dutch pulley, air cleaner, oil 
filter, double strainer, power take-off and an intake manifold combination. 

The 10/20 International is of the same design as the 22/36, except that it has no 
water pump and no water injection. 

The International Farmall is a three-wheel tractor, having the same design 
of angina as the 22/36 and 10/20 International tractors. It has no water pump, 
but is fitted with a special combination kerosene petrol carburrettor. It has a 
30-inch road clearance with a 8-ft. turning radius. 

The 14/28 Rushton Crawler is of very sturdy construction. It has a patent 
rubber-cushioned crawler which eliminates the jars and makes the tractor run 
smoothly. It is fitted with adjustable draw-bar, auxiliary gear box, water pump, 
air filter and dryer, power take-off, sump lubrication, clutch pulley and brake 
steering. 

The Caterpillar 15 caters for the comfort of the driver in that it has a comfor¬ 
table seat covered by a canopy. It has pump lubrication and the track is fitted with 
roller bearingB. A water pump, lubricating oil pump, air filter, power take-off, 
inspection doors are all standard fittings. It has an open crawler suitable for taking 
extension grouters. 

The Fordson is a great impiovement over the old model. It now has heavy 
front wheels and is built on the three-section principle. It has splash lubrication 
and pump cooling. It is fitted with an air filter and fixed pulley. It has no governor, 
power take-off or inspection doors. 

The 14/28 Rushton four-wheel model has the same engine as the Crawler model. 
It has a governor and a special single throttle control. The wheels are fitted with 
patent cleats and scrapers to keep them cloan. 

The 20/27 Oletrac and the 12/20 Cletrac are exactly the same in construction. 
They are fitted with air filters, oil filters, water pumps, lubricating oil pumps, hand 
pressure oil feed for crawlers, adjustable governor, and distributor. The crawlers 
are not of the open type. 

Details of the marks allotted are given in Appendix V (p. 18). 

V. Result. 

Messrs. Cowie and Co. aro awarded tho gold medal for the excellent performance 
of their International tractors. 

Messrs. U Po Hlaing Sc Co. are awarded the silver medal for the good perform¬ 
ance of their Cletrac tractors. 

Messrs. William Jacks Sc Co. are awarded the bronze medal for the good per¬ 
formance of their Caterpillar tractor. 
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The necessity for authoritative Definition of 

BREED CHARACTERISTICS AND UNCHANGING CONTROL 
OF BREEDING POLICY IN INDIA. 

BY 

COL. A. OLVER, C.B., C.M.G., F.R.C.V.S., 

Animal Husbandry Expert , Imperial Council of Agricultural Research 


Precise definition of breed characteristics. 

During the past century many attempts have been made to bring about sys¬ 
tematic improvement of indigenous Indian cattle, of which numerous more or less 
distinct breeds are still to be found in a comparatively pure state in certain areas, 
and various efforts have been made, in comparatively recent years, to define the 
characteristics of the principal breeds. 

Directors of Provincial Veterinary Services in particular have collected much 
valuable information, which has been published along with accurate measurements 
and photographs of typical specimens of the particular breeds met with in their 
own provinces. 

Such precise records of breed characteristics are the first step towards any 
systematic policy of live-stock improvement, and there is no doubt that similar 
records should be available for all Indian breeds which are considered worthy of 
retention, until such time as it may be possible to form breed societies and to 
establish official lierd-books. 

Existing breeds of Indian cattle not genetically pure. 

A critical study of the herds maintained at Government farms, and of the cattle 
met with in different parts of India, should however convince anyone experienced 
in cattle-breeding that few of these breeds can claim to be genetically pure, and, 
though it is true that the same might be said of many of the now well-established 
breeds of other countries, there is this important difference. 

Breeding practice in other countries in the past. 

In the formation of the European breeds of cattle, the greatest care was taken to 
breed constantly to a definite type ; aberrations from the accepted type were care¬ 
fully eliminated ; herd-books were formed ; and after carefully selected cattle 
had been admitted to the original registration, the books were closed to all except 
the progeny of registered parents. Moreover, breed characteristics were autho* 
ritatively defined and are now generally accepted by judges all over the world* 
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so that a great measure of similarity and continuity in breeding policy was 
secured from generation to generation. 

Similar methods have been applied in the improvement of other kinds of farm- 
stock, while it is well known that the superiority and true breeding qualities of 
English Thoroughbred and Arab race-horses are attributable largely to the care 
with which pedigrees have been registered through many generations. 


Elimination op inferior types. 

Deviations from the accepted type have undoubtedly occurred in the progeny 
of even such registered parents as these, but competition in the show ring in the 
case of cattle and the severe test of the race-course in the case of race-horses, have 
ensured the elimination of undesirable strains from all the best herds and studs. 

Moreover, the castration of all males not required for breeding, and the Govern¬ 
ment policy now being pursued for the elimination of scrub bulls, have also done 
much in recent years to purify the blood of ordinary cattle in countries where the 
improvement of live-stock has been seriously taken in hand. 

Consequently typical representatives of most of the well-established European 
breeds can be relied upon to breed true to type, while the type of all carefully regis¬ 
tered breeds is bound to become more and more a fixed one so long as the closed 
herd-book policy is strictly adhered to. 


Harm done by fancy breeding, not subject to strict control. 

That, on the other hand, infinite harm can be done to well-defined breeds by 
indiscriminate breeding for fancy points, without strict control by an official breed 
society, and with no utility test in the show ring, has been amply demonstrated, 
foi instanc* 1 , by the harm which has been done, in recent years, to nearly all breeds 
of sporting dogs, by the introduction of alien strains of blood in order to accentuate 
some fancy point, and by ill-considered in-breeding, to fix the type, without any 
regard for vigour and constitution in the progeny. 

As originally bred, old-fashioned sporting dogs were hardy, healthy animals, 
eminently suited to the practical purposes for which they were required, but many 
of their descendants have now become so debased as to be quite useless for all prac¬ 
tical purposes. 


Breeding practice in India in the past. 

In India the position is different but much harm has also been done by indis* 
criminate breeding among farm live-stock of all kinds. 

The number of so-called breeds is legion ; there is a constant movement of cattle 
of various breeds from one end of India to the other, a large number of which are 
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entire ; there are no herd-books nor accurate records of services ; and it is unfor¬ 
tunately true that in many cases bulls of no particular breed are let loose in the 
villages to propagate their species at will. 

Moreover, records show that in the past it was the custom for potentates to 
present each other with bulls, sometimes in considerable numbers, many of which 
were undoubtedly used for crossing with local cattle of an entirely different type. 
In this way the existence to-day of certain more or less well-defined breeds, in 
localities far distant from the areas in which cattle of a similar type are now met 
with, may well be accounted for, and it is not to be wondered at that it is difficult 
to-day to find well-defined breeds of Indian cattle which, on critical examination, 
show the strict adherence to type expected in pure bred stock of long pedigree. 

The formation of the existing improved breeds of Indian cattle. 

As to how majority of the existing more or less well-established improved breeds 
were originally formed, from the few fundamental types of Indian cattle which 
remain, difference of opinion may arise, but there is no doubt that a great deal 
of indiscriminate cross-breeding must have occurred in the border areas where two 
or more of the basic types would be bound to meet. 

To have established such well-marked breeds as, for instance, the Kankrej, 
Kangyam, and Ongole breeds, long continued and careful breeding to a definite 
type, with rigid elimination of every variation, must, however, have been practised, 
and it is clear that this work must have been carried on from generation to genera¬ 
tion. 

Such work is largely a work of time and practical experience and cannot be 
learnt entirely by the experimental study of genetics in smaller animals or plants, 
however valuable such study may be in explaining the results obtained. 

Owing to the time and expense, required to work out genetical factors in alow 
breeding and costly animals, live-stock improvement among the larger domesticated 
animals has still to be based on the breeding practice of the outstanding breeders 
of all times, which has now become traditional, and the fine points of which can 
only be appreciated by those who have a natural flair for breeding, and 4 who have 
acquired an intimate knowledge of the class of stock concerned by practical 
experience. 

It is evident however that the breeders who were capable of producing such 
even results must have thoroughly understood the fundamental principles which 
underlie all successful breeding of the larger domesticated animals, and judging 
from the care with which they still look for traditional breed-characteristics in 
the selection of their breeding stock, there is no doubt that this knowledge is still 
fairly widely applied by practical breeders in India, particularly among the profes¬ 
sional cattle-breeders, who maintain considerable herds in large grazing areas, and 
are able to keep them reasonably free from the accidental intrusion of alien blood. 
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Cost per acre fioughed — Triml No, g—Plough 


Tractor 

Selling 
price of 
tractor 

Plough 

Selling 
price of 
plough 

Acre- 

Time taken 

Kereeone 

Coat of 

Patrol 
used daring 
teat 

Coat of 
petrol 
per acre 

one acre 

teat 

par acre 


Re. 


Re. 


Hr. Mine. 

Gala, plnte 

&s. i. r. 

Pint* gflli 

jmm 

22/36 

KcCormlok- 

Beerlng 

International. 

4,660 

3-bottom 

StoCormick- 

Deering 

mouldboard 

plough. 

460 

1 

1 18 

2 6 

2 3 0 

1 0 

V3D^3 

10/20 

KcCormiok- 

Dearing 

International. 

8,110 

2-bottom 

XcCormick- 

Beering 

mouldboard 

plough. 

810 

1 

1 40 

2 6 

2 15 

0 1* 


14/28 

Rushton 

(Crawler 

type). 

6,600 

3-bottom 

Rud-Saok- 

Leinzig 

mouldboard 

plough. 

626 

1 

Failed to 
finish. 



Gala, pints 


Caterpillar 16 

4,760 

! 

8-bottom 
McCormiok- 
Beering 

P. & O. <fi»c 
plough. 

514 

1 

1 84 

Running on petrol 
only. 

8 4 

8 0 0 

12/27 

Fordaon. 

2,600 

2-bottom 
Oliver diio 
plough. 

425 

1 

1 65 

Running on petrol 
only. 

8 6 

8 18 11 

14/28 

Rnanton 

(4-wheel 

model). 

8,060 

4-bottom 
Ran some 
disc plough. 

760 

1 

Bid not 
compete. 

• • 

• * 

Pints gills 

• 

20/27 

Cletrae. 

4,660 

6-bottom 
John Deere 
disc plough. 

1,010 

1 

O 69 


2 7 2 

1 1 

0 2 7 

12/20 

Cletrae. 

8,360 

8-bottom 
Oliver 
mouldboard 
plough. 

860 

1 

1 20 

■ 

2 8 0 

0 2 

0 10 

8/16 

KcOonulok- 

Beering 

Internationa] 

«* Farmall”. 

3,180 

2-bottom 
mouldboard 
McCormlrk- 
Deerlng 
plough. 

810 

1 

1 46 

l 

■ 

2 15 

o * 

0 0 8 
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DDL n. 

ing on half-acre bunded hard-baked plot*. 


Oort of 
lubri- 

ate 

Mn 

Cost of 
grease 
per acre 

Depreda¬ 
tion at 20 
pet cent, pel 
annum. 
Cost per j 
acre 

Interest on 
capital at 
10 per cent, 
per annum, 
t Coat per j 
acre 

Sparee at 5 
per cent, per 
annum on 
capital 
outlay. 
Oort per 
acre 

Wages. 
Head driver 

Be. 80 per 

month. 
Plough¬ 
man Be. 40 
per month. 
k Cortper 
acre 

Cost per 
acre 

ploughed 

Marks 

B2MARK8 

BS. A. P. 

BS. A. P. 

KM. A. P. 

Bs. A. p. 

Kb. a. f." 

B8. A. P." 

Bs. A. P. 



0 2 6 

0 0 2 

10 8 

0 8 4 

o 

* 

to 

0 9 0 

4 13 11 

45 


0 2 6 

I 

10 6 

0 8 3 

0 4 1 

0 13 6 

4 15 2 

40 

Failed to finish 
owing to 

trouble with 
plough. 

B 

K 

1 6 11 

0 10 11 

0 5 6 

0 11 7 

6 14 4 

22 


B 

B 

0 16 6 

0 7 0 

0 3 10 

0 14 3 

! 

6 0 11 

24 



•• 

•• 


•• 


•• 


Could not start 
owing to mag¬ 
neto trouble. 

0 2 6 

0 0 2 

0 14 10 

.; ^; ' . ' ■' 

0 8 8 

0 7 4 

4 IS 8 

46 


0 2 6 

D 

0 13 1 

fl 

0 3 8 

0 9 11 

4 7 5 

60 


H 

1 

■ 

0 8 0 

0 4 0 

0 13 0 

4 13 4 

47 
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Cost per acre harrowed—Trial No 3 .— 



Selling 
price of 
tractor 


Selling 


Time taker 

Time taker 

Kerosene 

Cost of 

Petrol 

Tractor 

Harrow 

price of 
barrow 

Acre¬ 

age 

to complete 
the test 

to harrow 
one acre 

used dnrini 
the test 

kerosene 
per acre 

used during 
the tost 








Be. 


Be. 







22/M 

HeOormlok- 

Peering 

btowtloDiL 

4,060 

Wheatland 

12-disc. 

885 

1-75 

Failed.,to finish 

•• 


10/20 

XoCormlok- 

Deering 

International. 

2,110 

24-disc 

harrow. 

500 

1-75 

|Falled;to finish 

•• 

•• 

14/28 

Rush ton 
(Crawler 
type). 

6,600 

28-dlsc 

harrow. 

425 

1-75 

F 

slled to finis 

ih 


• • 

Caterpillar 15 

4,760 1 

28-dlso 

harrow. 

425 

1-75 

Mins. 

44 

Mins. 

25 

Running 

on 

on petrol 
ly. 

Gal. pints 

1 2 

12/27 

Forason. 

2,600 

28-dlsc 

harrow. 

450 

1-75 

89 

22 

Running on 

petrol only 

1 6 

14/28 

Bnsnton 

(4-wbeel 

model). 

2,050 

Did not oomi 

>cte 




Gal. pints 

Rs. A. P. 

GUI* 

|| 

4,650 

Roderick 

82-dlsc. 

425 

1-75 

44 

25 

1 6 

0 12 0 

1 

12/20 

Gletrac. 

8,850 

Oliver 

cultlpaoker. 

285 

1*75 

42 

24 

1 6 

0 12 0 

1 

S/10 

XoOormlck- 

Peering 

International 

"Farmall”. 

8,180 

12-dlso 

harrow. 

225 

1*75 

80 

22 

0 7 

0 6 4 

1 


















BBPOBT ON THE AUrBTTRMA TRACTOR TRIALS, 1930 

DIX III. 

Harrowing on open land. 


Coat of 
petrol 
per acre 


Bs. a. P. IBS. A. P. 


0 11 10 0 1 0 


1 0 6 0 1 0 


0 0 3 0 1 0 


0 0 6 0 1 0 


0 0 2 0 1 0 


DepreoU- Spares at 

tlon at 20 ^uUav'iS? 3 P« r cent. ^ r . 

•ur am! outlay st Tun* Annum Bs. 80 per Cost po 

p£?SJSSm. 10 P er oent * wp?tla "} ont S* acre *** 

*£*?“• ouuiy m fl°55 h ; n 

tost per * man Bs. 40 

acre t '*?LJ er per month. 

**• Cost per 


B«. A. P. I Be. A. P. Bs. A. P. Be. A. P. B8. A. P. 


0 5 0 0 2 10 0 1 5 0 3 1 1 10 0 20 

0 2 11 016 009 020 105 10 


0 57 02 10 016 031 1 10 3 20 

OS 11 01 11 010 030 182 21 

034 018 00 10 020 102 26 
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Cost per acre ploughed—Trial No. 5 — 


Selling 

price of Acre- 
plough age 



22/30 

MoCorraick- 

Deering 

International 


12/20 

MeCormiek- 

Doering 

International 


14/28 

Rushton 

(Crawler 

type). 


Caterpillar 16 


12/27 

Fordson. 


Rash ton 
(4-wheel 
model). 


12/20 

Oletrac. 


8/Id 

MeOormick- 
Deerlng 
International. 
•• Farmall ” 


8-bottom 

mouldboard 

plough 

McCormick- 

Deerlng. 

2-l>ottoni 

mouldboard 

plough 

McCormick- 

Deering. 


3- bottom 
mouldboard 

Rud-8ack- 

Lelpzig 

plough. 

2-bottom 

Oliver 

mouldboard 

plough. 

2-bottom 
Oliver 
mouldboard 
plough. 

4- bottom 

Ransomo 

dlao plough. 


4-bottom 
John Deere 
disc plough. 

3-bottom 

Oliver 

mouldboard 

plough. 


2-bottom 

mouldboard 

MoCorraick- 

Deering 

plough. 


Time taken 
to complete 
test 

Time taken 
to plough 
an acre 

Kerosene 
used during 
test 

i 

1 

! 

Cost of 
kerosene 
per acre 

Petro 1 
used during 
test 

i 

Hr. 

Mins. 

Hr. 

Mins. 

Gal. pints 

Rs. A. P. 

GUI 

0 

54 

1 

12 

1 4 

10 6 

i 

0 

67 

1 

10 

1 3 

17 7 

i 







Ga's. pints 

1 

12 

1 

36 

Running on petrol 
only. 

2 2 

1 

16 

1 

40 

Running on petrol 
only. 

1 6 

1 

7 

1 

30 

Running on petrol 
only. 

1 

2 5 

i 

l 1 

Did. not compete. 

1 i 









• 

! 






Gill | 

0 

60 

1 

7 

1 6* 

I 15 2 

i 



Disqualified 

i 

•• 


0 

65 

X 

13 

1 1* 

1 4 1 

i 
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DIX IV. 

on bunded slush plots in vxUer . 


Cost of 
petrol 
per acre 

Cost Of 
lubri¬ 
cating 
oil per 
acre 

Cost ol 
grease 
per acre 

Deprecia¬ 
tion at 20 
per cent, 
per annum 
Cost per 
acre 

Interest on 
capital 
outlay at 
10 per 
cent, per 
annum. 
Cost per 
acre 

Spares at 
5 per cent, 
per annum 
on capital 
outlay. 
Cost per 
acre 

Cost of 
labour 
per acre. 
Driver’s 
Wiiges 

Rs. 80 per 
month. 
Plough¬ 
man 

Ks. 40 per 
month 

Coat per 
acre 

ploughed 

Marks 

Remarks 

Ks. a. p. 

Rs. A. P. 

Pies 

R«. A. P. 

Ks. A. v. 

Ks. A. P. 

Ks. A. P. 

Rs. A. P. 



0 0 8 

0 2 6 

2 

10 5 

0 8 2 

0 4 1 

0 8 11 

4 2 0 

43 


0 0 8 

0 2 6 

2 

0 11 6 

0 5 9 

0 2 10 

0 9 5 

3 8 0 

47 


8 l 0 

0 2 6 

2 

1 14 9 

0 15 4 

0 7 8 

0 11 10 

7 5 9 

17 


2 3 8 

0 2 6 

2 

1 7 1 

0 11 0 

'059 

0 12 4 

5 11 0 

30 


3 6 3 

0 2 6 

2 

0 11 7 

0 5 10 

0 2 11 

0 U 1 

5 8 4 

29 


0 0 2 

0 2 6 

2 

10 5 

0 8 2 

0 4 l 

! 

0 8 3 

4 6 11 

40 

Disqualified for 
not complet¬ 
ing plot and 
de t a c h i n g 
plough. 

0 0 8 

0 2 6 

2 

0 It 2 

0 5 7 

0 2 10 

0 9 0 

8 8 7 

60 
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C. E. Cowle & Co. | Did not compete 





THE NECESSITY FOR AUTHORITATIVE DEFINITION OF 
BREED CHARACTERISTICS AND UNCHANGING CONTROL 
OF BREEDING POLICY IN INDIA. 

BY 

COL. A. OLVER, C.B., C.M.G., F.R.C.V.S., 

Animal Husbandry Expert , Imperial Council of Agricultural Research. 


Precise definition of breed characteristics. 

During the past century many attempts have been made to bring about sys¬ 
tematic improvement of indigenous Indian cattle, of which numerous more or less 
distinct breeds are still to be found in a comparatively pure state in certain areas, 
and various efforts have been made, in comparatively recent years, to define the 
characteristics of the principal breeds. 

Directors of Provincial Veterinary Services in particular have collected much 
valuable information, which has been published along with accurate measurements 
and photographs of typical specimens of the particular breeds met with in their 
own provinces. 

Such precise records of breed characteristics are the first step towards any 
systematic policy of live-stock improvement, and there is no doubt that similar 
records should be available for all Indian breeds which are considered worthy of 
retention, until such time as it may be possible to form breed societies and to 
establish official herd-books. 

Existing breeds of Indian cattle not genetically pure. 

A critical study of the herds maintained at Government farms, and of the cattle 
met with in different parts of India, should however convince anyone experienced 
in cattle-breeding that few of these breeds can claim to be genetically pure, and, 
though it is true that the same might be said of many of the now well-established 
breeds of other countries, there is this important difference. 

Breeding practice in other countries in the past. 

In the formation of the European breeds of cattle, the greatest care was taken to 
breed constantly to a definite type ; aberrations from the accepted type were care¬ 
fully eliminated ; herd-books were formed ; and after carefully selected cattle 
had been admitted to the original registration, the books were closed to all except 
the progeny of registered parents. Moreover, breed characteristics were autho* 
ritatively defined and are now generally accepted by judges all over the world* 
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so that a great measure of similarity and continuity in breeding policy was 
secured from generation to generation. 

Similar methods have been applied in the improvement of other kinds of farm- 
stock, while it is well known that the superiority and true breeding qualities of 
English Thoroughbred and Arab race-horses are attributable largely to the care 
with which pedigrees have been registered through many generations. 

Elimination op inferior types. 

Deviations from the accepted type have undoubtedly occurred in the progeny 
of even such registered parents as these, but competition in the show ring in the 
case of cattle and the severe test of the race-course in the case of race-horses, have 
ensured the elimination of undesirable strains from all the best herds and studs. 

Moreover, the castration of all males not required for breeding, and the Govern¬ 
ment policy now being pursued for the elimination of scrub bulls, have also done 
much in recent years to purify the blood of ordinary cattle in countries where the 
improvement of live-stock has been seriously taken in hand. 

Consequently typical representatives of most of the well-established European 
breeds can be relied upon to breed true to type, while the type of all carefully regis¬ 
tered breeds is bound to become more and more a fixed one so long as the closed 
herd-book policy is strictly adhered to. 


Harm done by fancy breeding, not subject to strict control. 

That, on the other hand, infinite harm can be done to well-defined breeds by 
indiscriminate breeding for fancy points, without strict control by an official breed 
society, and with no utility test in the show ring, has been amply demonstrated, 
ioi instance, by the harm which has been done, in recent years, to nearly all breeds 
of sporting dogs, by the introduction of alien strains of blood in order to accentuate 
some fancy point, and by ill-considered in-breeding, to fix the type, without any 
regard for vigour and constitution in the progeny. 

As originally bred, old-fashioned sporting dogs were hardy, healthy animals, 
eminently suited to the practical purposes for which they were required, but many 
of their descendants have now become so debased as to be quite useless for all prac¬ 
tical purposes. 


Breeding practice in India in the past. 

In India the position is different but much harm has also been done by indis~ 
criminate breeding among farm live-stock of all kinds. 

The number of so-called breeds is legion ; there is a constant movement of cattle 
of various breeds from one end of India to the other, a large number of which are 
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entire; there are no herd-books nor accurate records of services ; and it is unfor¬ 
tunately true that in many cases bulls of no particular breed are let loose in the 
villages to propagate their species at will. 

Moreover, records show that in the past it was the custom for potentates to 
present each other with bulls, somel imos in considerable numbers, many of which 
were undoubtedly used for crossing with local cattle of an entirely different type. 
In this way the existence to-day of certain more or less well-defined breeds, in 
localities far distant from the areas in which cattle of a similar type are now met 
with, may well be accounted for, and it is not to be wondered at that it is difficult 
to-day to find well-defined breeds of Indian cattle which, on critical examination, 
show the strict adherence to type expected in pure-bred stock of long pedigree. 

The formation of the existing improved breeds of Indian cattle. 

As to how majority of the existing more or less well-established improved breeds 
were originally formed, from the few fundamental types of Indian cattle which 
remain, difference of opinion may arise, but there is no doubt that a great deal 
of indiscriminate cross-breeding must have occurred in the border areas where two 
or more of the basic types would be bound to meet. 

To have established such well-marked breeds as, for instance, the Kankrej, 
Kangyam, and Ongole breeds, long continued and careful breeding to a definite 
type, with rigid elimination of every variation, must, however, have been practised, 
and it is clear that this work must have been carried on from generation to genera¬ 
tion. 

Such work is largely a work of time and practical experience and cannot be 
learnt entirely by the experimental study of genetics in smaller animals or plants, 
however valuable such study may be in explaining the results obtained. 

Owing to the time and expense required to work out genetics 1 factors in elow 
breeding and costly animals, live-stock improvement among the larger domesticated 
animals has still to be based on the breeding practice of the outstanding breeders 
of all times, which has now become traditional, and the fine points of which can 
only be appreciated by those who have a natural flair for breeding, and who have 
acquired an intimate knowledge of the class of stock concerned by practical 
experience. 

It is evident however that the breeders who were capable of producing such 
even results must have thoroughly understood the fundamental principles which 
underlie all successful breeding of the larger domesticated animals, and judging 
from the care with which they still look for traditional breed-characteristics in 
the selection of their breeding stock, there is no doubt that this knowledge is still 
fairly widely applied by practical breeders in India, particularly among the profes¬ 
sional cattle-breeders, who maintain considerable herds in large grazing areas, and 
ate able to keep them reasonably free from the accidental intrusion of alien blood. 
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Harm done by indiscriminate cross-breeding. 

The harm done by cross-breeding in the cattle of breeders of this type is not 
therefore likely to be very great but among small breeders who maintain a few 
cows only, in and around a village, which are herded daily with other cattle and 
are exposed to the risk of being served by the bulls, often of very inferior type, 
which are permitted to roam at will in the villages, the harm done must be very 
great, even though better bulls may be available. 

Moreover, owing to the rapid contraction of grazing areas which has taken place, 
the damage caused by such bulls has been accentuated during recent years by the 
inadequate maintenance provided in villages where insufficient free grazing areas 
exist. 

In the past, when an extensive class of professional cattle-breeders existed, 
who could be depended on to prevent indiscriminate mating and to carry on a 
traditional system of selection, this uncontrolled cross-breeding in villages was 
probably the main cause of the production of the large numbers of nondescript 
cattle which may be seen to-day throughout India, and the maintenance of which 
constitutes such a heavy tax on the live-stock industry. 

Controlled cross-breeding will do no harm and much good, if carried on long 
enough to stabilize a type, but it is obvious that a vast amount of indiscriminate 
crossing must have occurred in India in the past, as a result of the constant move¬ 
ment of cattle, including entire males, which has taken place in the course of wars 
and raids, and which still occurs annually, on a very large scale, in the course of 
trade and in order to reach fresh grazing grounds. 

The basic breeds of Indian cattle. 

In spite of all this crossing, however, distinct types still predominate over certain 
large areas, and it seems that at least four or five distinct basic types must have 
existed in India originally. For instance in the North, from Baluchistan to the 
Central Provinces, large white cattle such as the Bhagnari, Hariana and Malvi 
breeds, may be met with over large areas in a comparatively pure state. In Mysore 
and Northern Madras, the very distinct Mysore type of cattle, with their charac¬ 
teristic formation of head and horns, are predominant, while in the West the highly 
peculiar Gir cattle are still to be found in a pure state in their native forests, while 
the blood of this evidently pre-potent breed can be readily detected in a large pro¬ 
portion of the cattle of Western India. Other breeds, which are obviously only 
variants of these basic types, produced by changed conditions of existence, selective 
breeding, or cross-breeding with other types, are also commonly met with. 

Further, all over India, particularly in the hills and less highly fertile areas, 
small reddish black, or parti-coloured cattle are met with with great persistency, 
and are so similar in type as to suggest that they too may represent one of the 
original types of Indian cattle. 
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Between these basic types innumerable gradations occur, and to obtain true 
breeding strains from such heterogeneous stock must obviously entail great care 
in selection, and long-continued and strictly controlled breeding to a definite type. 

In-breeding. 

From the records of all the great practical breeders of the past it is clear that 
the surest and most satisfactory way of fixing a type is to in-breed closely to out¬ 
standing n-Tiiwmla which conform strictly to the desired type. 

This policy, in combination with good feeding and healthy conditions, has been> 
and is still, pursued to a very considerable extent by the successful breeders of 
almost every outstanding breed of domesticated animal. There is, unfortunately, 
a definite danger of perpetuating any undesirable characters which may happen to 
exist in the selected strain, and of loss of vigour if ill-considered in-breeding is per¬ 
sisted in through a number of successive generations, but experience has shown 
that the danger of loss of vigour and constitution from in-breeding has been 
much exaggerated. 

Loss of vigour and constitution are in fact commonly more pronounced in the 
mongrel animals produced by repeated indiscriminate crossing than in the pure¬ 
bred stock of pedigree herds which have been closely in-bred at the start to establish 
a pure strain. 

in India at present un ler the existing conditions in villages, the danger of harm 
from in-breeding is certainly far less than from indiscriminate crossing and from 
the frequent changes in breeding policy which have taken place in British India 
in the past. 

Importance of continuity of policy in definite areas. 

Nowadays, with the introduction of Government schemes for live-stock im¬ 
provement all over the country, usually by the employment of improved sires of 
alien blood, there is grave danger that an even greater number of cattle of no parti¬ 
cular breed will be produced than in the past, and eventually degenerate into 
mongrels in the villages, unless great care is taken to provide for such continuity 
of breeding policy as will insure the eventual elimination of nondescript blood in 
the areas dealt with. 

That much good can be done by the introduction of improved bulls of a type 
suitable for the district concerned, and by better feeding, there is no doubt, but 
the fact that harm may also result, if a definite policy is not persisted in with the 
same blood, Bhould not be overlooked. For this reason, until many more suitable 
bulls become available than at present, a policy of concentrating cattle improve¬ 
ment on certain selected areas and herds, and only extending to others as sufficient 
improved bulls become available, is undoubtedly sound. 
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Necessity fob organization on a broad basis. 

Provincial Governments are now producing as many bulls as possible in Govern¬ 
ment farms, for issue to breeders, but this must always be a slow and expensive 
process, and if satisfactory progress is to be made, within a reasonable time, it is 
evident that live-stock improvement in India will have to be organized, and con¬ 
sistently applied, on a much larger scale than is the case at present in most provinces. 

Further, if the work were placed on a broader basis for the whole of India, with 
the help of breeders and large landowners all working with their own cattle to the 
same end, the results achieved would be far greater and more permanent than can 
ever be achieved by the issue of such comparatively small numbers of improved 
bulls as can be reared on Government farms. 

Successful live-stock improvement in fact, now as ever, demands that the work 
shall be carried out on such a scale that large numbers can be dealt with, and shall 
be controlled by some permanent authority or by tradition, which will obviate 
frequent changes of policy. 

Ill-considered changes of policy fatal to success. 

The Royal Comm ssion on Agriculture in India has drawn attention to the 
fact that much of the ill-success which attended official schemes for live-stock 
improvement in India, in the past, was due to the frequent changes of policy 
and interest which had occurred, and the writer has himself recently seen a striking 
instance of a valuable strain of pure-bred cattle, which had been built up with 
great care and at considerable expense, being entirely vitiated, and the results of 
a carefully prepared breeding scheme lost, because of a change of policy, introduced 
on a change of control. 

Enthusiastic theoretical students of genetics, or even those who have been 
accustomed to the practical breeding of small animals or plants, of which almdst 
unlimited numbers can be dealt with, are apt not to realize the paramount necessity 
for long-continued policy to a definite end in all breeding operations with the larger 
domesticated animals, ot which only comparatively small numbers can be bred 
within a generation. On the other hand, experienced breeders of such stock know 
only too well how much time, care, and expense are required to isolate and fix 
a true-breeding strain, and would never make any change in an established breeding 
policy without most careful consideration. 

Necessity for permanent control by unchanging authority. 

If permanent results are to be obtained, therefore, on a sufficiently broad scale 
to have any considerable economic effect, it seems essential that cattle-breeding 
policy in Lidia should be permanently controlled by associations of live-stock 
officials and practical breeders, and not subject to the direction of any one official, 
who may be changed at any time. 
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As a preliminary to such control careful surveys of all the breeds which are 
considered worth retention would require to be made, and an authoritative decision 
arrived at as to the distinctive characteristics which should be demanded in typical 
representatives of each breed. When agreement had been reached, these charac¬ 
teristics would require to be carefully defined and registered as the points on which 
the breed should be judged, and might in course of time form the basis of herd- 
books for Indian breeds of cattle, without which live-stock improvement in this 
country must always be severely handicapped. 

The Eoyal Oomnrssion on Agri< ulture in India did not cons der the establish¬ 
ment of herd-books for Indian breeds practicable, and it is realized that it will 
be difficult to ensure accurate registration of matings for a long time to come. 

Preservation op basic breeds. 

Unless something is done, however, to define and preserve the few pure basic 
strains of blood which still exist, there is grave danger that some of them will be 
entirely lost. For example, pure specimens of the Gir breed, which it is evident 
constitutes the basis of a large number of our best milking and dual-purpose breeds 
of Indian cattle, are already difficult to obtain, even in their own country, and as 
the best are now being exported in considerable numbers to America, the necessity 
for the immediate protection of this highly specialised and valuable breed is very 
apparent. 

It will never be possible for any Provincial Government to establish the laige 
number of breeding farms which would be required to preserve every useful breed, 
but the preservation of such a valuable basic breed as this should justify special 
measures. 


Conclusion. 

Before anything really effective can be achieved, accurate surveys of the present 
position; authoritative definition of the distinctive characteristics of the various 
breeds; and some form of permanent control of breeding policy, similar to the 
control exercised by breed societies over breeding in other countries appear to 
be essential. * 

By the ,o means it should be possible to insure definition and continuity of policy 
and to secure the permanent interest of some of the more influential landowners and 
zemindars in official schemes for live-stock improvement, which is so much to be 
desired, while it might perhaps be hoped that they would induce other wealthy 
landowners to take up stock-breeding as a hobby, as is done by so many landowners 
in Europe, for the benefit of the live-stock industry. 

This is one of the most practical and productive methods which can be devised 
for patriotic citizens to help their countiy, and cattle-breeding in particular ought 
to be very popular in India, because of the veneration with which the cow is regarded. 



CONTROL OP THE FOOT-ROT DISEASE OP PAN (PIPER 
BETEL) IN THE CENTRAL PROVINCES. 

BY 

JEHANGIR FARDUNJI DASTUR, M.So., 

Mycologist to Government, Central Provinces. 

In many parts of the Central Provinces and Berar, pan (Piper betel) is one of the 
important and lucrative garden crops ; but during the last few years, in important 
pan-growing centres, like Ramtek Tahsil, Drug and Malkhed, its cultivation is 
completely given up, because of the heavy losses due to the incidence of the foot- 
rot disease, caused by Phytophthora parasitica Dast.., which has already been de¬ 
scribed [Dastur, 1927]. Wherever this disease has established itself, pan gardens 
are completely wiped out. 

Since 1926, experiments have been carried out to find some means of controlling 
the disease. At first these experiments wore conducted only at Ramtek, but since 
the beginning of this year remedial measures are also being tried at Bhandara. 
The results achieved so far have been encouraging, and it is proposed to give a short 
account of the work done. As the disease is caused by a fungus living in the soil, 
which attacks the underground parts of the plant, once it is infected, it cannot 
be saved from the after-effects of the disease. Consequently only preventive 
measures are possible for ensuring a healthy growth of the plants. These preventive 
measures, in the case of a crop like pan, would consist either of keeping the soil 
free from the fungus causing the disease, as the infection is from the soil, or of 
growing resistant varieties. 

No resistant varieties have so far been tried, except Bhabna on a very small 
Beale. It was obtained last year Irom Bengal, through the courtesy of the District 
Agricultural Officer, 24-Parganas, Calcutta. Only a few cuttings struck roots,* 
and the plants developed from these cuttings are so far doing well, though they 
have been planted in a soil where the local varieties get infected. The two varieties 
commonly cultivated in these Provinces are Kapuri and Bangla; lw>th are more 
or less equally susceptible, though the bans, or pan-growers, believe that Bangla 
is more susceptible. 

Various fungicides have been tried to sterilize the soil and to prevent the infec¬ 
tion of the soil by thiB fungus. Uspulun wet was used at the rate of half a pound 
in 25 gallons of water per line of 150 feet, Solomia at the rate of 10 pints in 50 
gallons of water per line of 150 feet, Quasol- -a three per cent, solution—at the 
rate of 50 gallons per line of 150 feet, and Bordeaux Mixture in different strengths; 
each of these was first applied a few days before the pan cuttings were planted, and 
then the application waR continued once a month. 
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In a second series of experiments, before the cuttings were planted, dry fungi¬ 
cides were also tried ; e.g., Uspulun dry at the rate of lb. and calcium cyanamide 
at the rate of 2 lb., each per line of 150 foot, and slaked lime. The former two were 
well mixed with the soil, and the latter was sprinkled on the ridges in sufficient 
quantity to cover them completely. Calcium cyanamide for the first few months 
after it was applied had both a fertilising and fungicidal effect. The plants were 
better in growth and fewer plants were diseased than in other series, barring that 
of Bordeaux Mixture; but its protective value did not last beyond about four 
months. More and more plants began to die and ultimately there were hardly 
any living plants in this series. Uspulun wet also had some effect in controlling 
the disease, but not as much as calcium cyanamide ; and like the latter its effect 
was only for the first few months. The other fungicides, except Bordeaux Mixture, 
had no effect in controlling the disease. 

As Bordeaux Mixture was the only fungicide which controlled the incidence ot 
tho disease, further experiments were continued with only this fungicide. 

At first Bordeaux Mixture of 5-5-50 strength once a month was tried. It proved 
effective in controlling the disease, but the concentration was found to have a burn¬ 
ing effect on tho tender shoots and leaf-buds. The growth of the plants was also 
retarded. After some trials it was found that a mixture of 2-2-50 strength did not 
damage the shoots or the leaf-buds and did not retard the growth of tho plants. 
This concentration, applied once a month at the rate of 25 gallons per line of 150 
feet, has completely controlled the disease fur the last four years in one garden. 
The effect of this fungicide in this garden, or tanda, is very conspicuous. This is 
one of those gardens in Ramtek where it has been impossible to grow pan because 
of the disease. The land in this garden is owned by several bans, or pan-growers ; 
of whom only one agreed to get his block of 15 lines of pan treated. To-day hi* 
is the only block with a luxuriant growth of mature pan plants. The remaining 
parts of the tanda on either side of this treated block are allowed to run to weed, 
in spite of annual attempts made by their owners to replant their land with par. 
The plants in those parts gradually get infected and die, and by the middle of the 
first monsoon there is hardly a single healthy plant available. In spite of the close 
proximity of infective material, the treated block has remained free from disease. 
As at Ramtek the life of a pan garden is only three to four years, this treated pan 
garden will be given up by the end of the year and a new tanda will be erected for 
planting new cuttings. The owner of the treated block has therefore realised the 
full value of his crop in these three to four years, on account of the treatment 
given to his garden, and he is the only ban in Ramtek who has a four-year old garden 
full of healthy pan vines. 

A duplicate series of experiments was carried out in another garden which was 
also badly infected. But in this garden the experiments were done only for two 
years, from 1926 to 1928. During this period the plants remained quite healthy 
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and had a good growth. Seeing that the plants wore doing well, in 1927 another 
bari planted his plot of land immediately adjoining this experimental area; but 
he did not get his land treated with the fungicide. This newly planted area was 
soon infected, and in less than six months it was allowed to run to weed. In 1928 
the owner of the experimental garden wanted back his land and ho further treatment 
had to be discontinued. In less than six months the garden became badly infected 
and had hardly a few living plants. 

Those two pieces of land in the experimental gardens were given to the Depart¬ 
ment in 1926 for a period of two years on the condition that we planted these gardens 
and incurred all the expenses necessary for the experiments and for the making 
and proper upkeep of the gardens ; the produce, if any, was our property. At 
the end of two years either we could discontinue the experiments and give back 
the gardens to their respective owners or they could claim back their land with 
the tanda and the plants growing on it. The owner of the first garden was anxious 
to have further experiments made, being satisfied with the results obtained; and 
so the experiments were continued in his garden on the condition that he was to 
incur all the running expenses of the garden and he was to have the produce and 
that we would do the necessary experiments, at our cost. But the owmer of the 
second garden claimed back his land as he was optimistic enough to hope that as the 
garden was free from disease for two years, it would not be again infected. As 
already noted, his optimism was not realised and the progressive spirit of the first 
garden-owner has resulted in his realising the full value of his garden. 

Last year another bari volunteered to cultivate his land and have a tanda if 
the Agricultural Department would help him in treating his tanda. He has planted 
11 lines, each 225 feet long. Bordeaux Mixture is supplied to him free and is applied 
under the supervision of an assistant. All the 11 lines were treated with Bordeaux 
Mixture of 2-2-50 strength before cuttings wore planted. Of these 11 lines, five 
are being treated with 1-1-50 Bordeaux Mixture once in two months and the remaiA- 
ing six lines are treated with 2-2-50 Bordeaux Mixture once in three months. So 
far there has been no disease in this treated block of the tanda. There are other 
lines on either side of this block, and the disease has not failed to take a heavy toll 
from these untreated lines. 

In Ramtek, there is one garden planted last year which is not being treated 
but still the plants are quite good and healthy. The water-supply of the garden 
is taken from a well immediately near the garden and not from one of the many 
tanks of Ramtek. Perhaps it is the source of the water-supply that may account 
for the healthy state of the plants, or that the soil is not infected. 

At present in Ramtek there are only these three gardens having a full crop of 
healthy plants, though every year many new gardens are planted, but unfortunately 
before the end of the year they are perforce allowed to run to weed as they soon 
become badly infected. 




PLATE IV. 



A portion of untreated lines in the same garden as in Plate III, fig. I. Cuttings planted in January, 1930. 









































Fig. 2. A comparison between treated (right) and untreated (left) lines in the same garden as in Fig. 1. 
Cuttings planted in January, 1930. Photo taken on the 12th September, 1930. 
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Last March the disease was reported from Bhandara as well. One garden which 
was started about two years back was very badly diseased, and the ridges showed 
big gaps caused by the death of plants. Immediately adjoining this garden on the 
left was a new garden where the cuttings had been planted about only two months 
back. In the first few lines adjoining the old garden, the plants had commenced 
to die. The growth of the plants in these lines was also poor; it was distinctly 
better in the lines farther away from the old garden. The several owners of the 
two gardens, old and new, were at first anxious to get their gardens treated. 

It was thought that the old garden was evidently too far diseased for the spraying 
to be of any use, and so the request to treat this garden was at first refused But 
as some of the owners of the lines in which there were still a sufficiently large number 
of living plants were very anxious to try some remedial measures, it was agreed 
to treat only three lines. Bordeaux Mixture of 3-3-50 strength at the rate of 25 
gallons per line of 150 feet was applied, after the dead and dying plants had been 
completely removed. The pessimistic expectations of the failure of this treatment 
in a garden in which the disease had boon well established were entirely falsified. 
This one treatment has considerably checked the progress of the disease in these 
three lines. In April there were very few now plants diseased in this block of three 
lines, whereas the remaining untreated lines on either side were practically without 
any healthy pan plants. Another treatment, but of a weaker strength, viz., 2-2-50, 
was given this month ; in May not a single plant was found infected. This block 
of three lines with healthy plants formed a striking contrast to its desolated neigh¬ 
bourhood on either side. For some unknown reasons the garden-owners were 
averse to giving further treatments, and so no treatment was given in May, June 
and July. In the beginning of August they were, however, again sprayed. So far 
the three lines have been quite free from disease. If any further proof were needed 
for establishing the efficacy of the treatment, it is provided by these three green 
lines (Plate III) standing in a largo tanda in which all the other lines are completely 
wiped out (Plate IV). 

In the new garden, adjoining this old infected garden, a block of 45 lines belong¬ 
ing to several baris was offered for treatment. The lines adjoining the old garden 
were already infected. It was observed that the infection was spreading from lino 
to line commencing from the old badly diseased garden. The incidence of the 
disease in the new garden was less as the lines were farther away from the old garden 
and the farthest lines were found to be entirely free from disease. 

At first the whole block was treated with Bordeaux Mixture of 2-2-50 strength 
at the rate of 25 gallons per line of 150 feet. For further treatments these 45 lines 
were divided in five blocks of nine lines each. Of these five blocks, three blocks 
were to be treated with Bordeaux Mixture of 1-1-50 strength, but one block was 
to have the treatment every month, the second once in two months and the third 
once in three months. The remaining two blocks were to be treated with Bordeaux 
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Mixture of 2-2-50 strength once in two months and once in three months respec¬ 
tively. 

Aftor the first treatment in March no more new plants were found to be infected. 
In April block No. 1 was treated with Bordeaux Mixture of 1-1-50 strength. In 
May the garden-owners refused to continue the experiments. In August, after 
a great deal of persuasion, some of the owners consented to continue tho treatment. 
So far there is no disease in the garden. 

These experiments prove that if infected soil is treated with Bordeaux Mixture 
of 2-2-50 strength applied at the rate of 25 gallons per ridge of 150 feet length before 
the cuttings are planted, and if the treatment is continued once every two months 
after the cuttings are planted, a healthy crop is ensured. Prom the experiments 
made since last year there is evidence to show that a solution of a weaker strength, 
viz 1-1-50, applied once in two months may be equally effective. There is also 
evidence to show that in a garden in which plants are infected, further infection 
can be controlled by treating the ridges with Bordeaux Mixture. 

It is certain that in an infected land pan cannot bo successfully grown unless 
it is treated with Bordeaux Mixture ; and if the fungicide is not to be used, it would 
be advisable to put the land under some other crop which is not susceptible to this 
disease. Cereal crops may be substituted for this garden crop. 

In addition to the treatment of a garden with a fungicide the sanitation of the 
garden is very essential. All diseased or dying plants must be removed and must 
not be allowed to remain, as is the usual practice, in or outside tho garden, but 
they must be destroyed either by burning them, or burying them deep in tho ground 
with some lime. These dead or dying plants are a grave source of infection to healthy 
plants. The water channels in the garden must bo properly sloped so that water 
does not remain collected in small pools and thus cause water-logging. The irri¬ 
gation channels running from the source of water-supply to the gardens should be 
kept clear of weeds and dead plants. 

It seems necessary that a garden must be given repeated treatments from time 
to time even though there may be no new cases of infection from the disease in the 
garden. We have already seen that of the two gardens in which treatment was 
commenced in 1926, the ono in which it was discontinued in 1928 became badly 
infected shortly after. It has also been observed that healthy gardens become 
infected. The fungus causing this disease, Phytophthora parasitica Dast., is common 
in our soils; it has been known to attack many wild and cultivated hosts, in these 
Provinces, e.g., castor oil plant (Rieinus communis ), Vinca rosea, Tiger’s Claw 
(Martynia diandra), Clarhia sp., pansy (Viola tricolor ), Petunia hybrida , Crinum 
sp., Iris sp., Eurydes amboinensis , Peperomia sp. and ChrysaHdocarpus lutescens . 
It is probable that there may be other hosts which are common weeds in the vicinity 
of pan tandas and which would be potential sources of infection to the pan plants. 
Fresh infection may be carried to healthy tandas by workmen who have been pre¬ 
viously working in tho infected ones; or by the irrigation water which is usually 
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carried long distances through katcha open channels or drains from the source of 
water-supply, which is usually a tank. The irrigation channel may pass through 
an infected garden before irrigating a healthy garden or the water may be con¬ 
taminated by infective material, such as dead or dying pan plants removed from 
gardens and carelessly thrown about the tandas or infected weeds growing in or 
about the channels. In Malkhed this fungus was once isolated from a sample of 
water irrigating a pan garden. Thus healthy gardens are very liable to be infected 
by the irrigation water, especially if it is brought from long distances. 

Bordeaux Mixture is prepared from blue stone or crystalline copper sulphate 
(morchu), and from quicklime (chuna-khadi) which when slaked gives a good milk of 
lime. Both these ingredients for the fungicide are available in any village. Copper 
sulphate solution must be made in a non-metallic vessel, but quicklime can be 
slaked in a metal vessel. These two solutions should be mixed together in a non- 
metallic vessel. Bordeaux Mixture of 2-2-50 strength implies that 2 lb. of blue 
stone and 2 lb. of quicklime are dissolved in 50 gallons of water; for Bordeaux 
Mixture of 1-1-50 strength 1 lb. of each of the two constituents are dissolved in 
50 gallons of water. As this fungicide must be used immediately after preparation, 
it is made in the garden at the time when the spraying is to be done. Ab there is 
considerable difficulty in procuring large-sized wooden vessels, stock solutions are 
made in wooden casks or tubs, and the mixture of the correct concentration is made 
with the necessary dilution in a third wooden cask. For example, to make 400 
gallons of 2-2-50 Bordeaux Mixture, 16 lb. of copper sulphate and 16 lb. of unslaked 
lime are each dissolved in 24 gallons of water. Three gallons from each of the two 
stock solutions are added to a third wooden vessel containing 44 gallons of water. 
The mixture is roughly tested for its alkalinity. It is poured on the ridges with 
an ordinary watering can, or hazara, with its “ rose ” removed. The contents of 
one watering can of three-gallon capacity are enough for covering a length of 19 
feet. The liquid is allowed to run down the slopes of the ridges and to spread on 
the channels on their either side. 

It is economical to pick the leaves about a foot above ground level before the 
mixture is applied, so that their market value is not destroyed by getting stained 
with the mixture. 1 

It is also advantageous to keep the lower branches of the pan vines free from 
the ground surface. This lessens the chances of the plants getting infected. It 
has been found that branches develop small black patches when they aTO in contact 
with the wet ground surface. These are caused by the anthracnose fungus Qlo- 
merella dngulata. It is a weak parasite and it slowly kills the infected branches 
if the plant is not healthy. 
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A NOTE ON THE DOWNY MILDEW OF SUGARCANE IN INDIA. 


BY 

L. S. SUBRAMANIAM, F.L.S., 
Assistant to the Imperial Mycologist, Pusa. 


Downy mildew of sugarcane was first recorded in Formosa in 1909 and described 
by Miyake [1911]. A disease very similar to it Has also been observed in Fiji 
[Lyon, 1911], Australia [Lyon, 1915] and Queensland, and is known under tbe name 
of “ leaf stripe disease.” In the Philippine Islands [Lee and Medalla, 1921 ; 
Weston, 1921] it was recorded in 1921 on some canes grown from seed-cane imported 
from Formosa in the previous year. It was observed in India during the summer 
of 1930 in Pusa on only one plant of Co. 316, and this is the first record of its occur¬ 
rence in India. A good deal of search was made on this and other varieties of cane 
both in Pusa and in some other localities in India, but no trace of this disease has 
so far been found except the solitary instance recorded above. 

The symptoms of the disease as observed at Pusa were as follows:—The leave 8 
had mottling like that of mosaic disease (Plate V). The light yellow spots were 
scattered or sometimes running together along the veins. The under-surface was 
covered with white downy growth due to the conidial formation. But the mottl¬ 
ing differs from that of mosaic in the later stage as it becomes more crowded 
and yellowish instead of forming isolated islands of yellow and green which is the 
case in mosaic disease. 

This disease differs from the Indian [Butler and Kulkami, 1913] as well as the 
Philippine [Weston, 1920] species of Sclerospora on maize in that the yellow spots 
do not make a long chlorotic band which is characteristic of the maize Sclerospora 
species. 

The mycelium travels all over the infected parts of the leaves and is more common 
in the mesophyll tissue, variable in size, the diameter being up to 8 p. Hyphse 
penetrate the bundle-sheaths and tangled masses of hyphse are found in all the in- 
ter-cellular’spaces. Haustoria were also found in the epidermal cells. Numerous 
hyphal bits collect under the stoma and from these the conidiophores emerge. The 
haustoria are both button and finger-shaped. The former are found in the main 
strandB, while the latter in most of the cells. 

The conidiophores arise singly or in clusters of two to four from the stoma. 
They are bulbous at the base, then become narrow, growing broader in the middle 
region, branching two to four times at the tip and ending into two or three broad, 
conical sterigmata, one to three septate. ^Very often a foot-like projection is left 
at the base of conidiophores showing thejpoint of attachment to the mycelium and 
Tesembling in this respect the conidiophores of Sclerospora philippinensis on maize, 
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They are 132-264 V 16*6—27*5 \i in diameter, the average being 186-22. The 
sterigmata are 4*4—27*5 [x in length (Plate VI). The conidia are elliptical or 
oblong, with a small papilla at the point of attachment, granular, thin-walled and 
germinating by a tube. They are 18*7—45*1 V 13*2—26*4 g in diameter, the 
average of two hundred spores being 31-5 V 18*8 (x. 

Miyake [1911] has been able to transfer the sugarcane Sclerospora on to cane 
maize and teosinte. The material available in Pusa was scanty and so inocula¬ 
tion experiments could not be carried out in detail. However, a few plants of 
cane, maize, Sorghum , Pennisetum typhoideum , Eleusine coracana , Euchlcena and 
Setaria italica were inoculated and so far only maize has taken infection. 

The measurements of conodiophores and conidia fall within the limit of Scleros¬ 
pora Sacchari as given by Miyake [1911] and Ito [1913]. The Indian species differs 
from Sclerospora Sacchari in two points, viz., there was no splitting of the leaves 
and no elongation of the diseased stalk. As there was only one diseased plant the 
material was not enough to verify these points. The oogonial stage has so far 
not been found at Pusa. Until the joints mentioned above are clearly ascertained, 
it cannot be definitely stated whether the Indian Sclerospora is identical with that 
described by Miyake [1911] from Formosa. 

The present note is a preliminary one and has been written with a view to place 
before the scientific workers the fact that the downy mildew of sugarcane has for 
the first time been observed in India. 
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EXPLANATION OF PLATES V AND VI. 

Plate V.— Sclerospora on Sugarcane (Co. 316 ). 

1. Under-surface showing leaf-mottling. 

2. Under-surface showing the downy growth of the fungus. 

3. Undor-surface showing the spots and the downy growth of the fungus* 


Plate VI.— Sclerospora on Sugarcane. 

1-2. Conidiophores, early stage \ 347. 

Ck&idiophores showing stages in development with bulbous foot and septation x 347. 
o. Formation of young conidia and sterigmata x 347. 
o. Mature conidiophores with conidia attached x 347. 

7. Highly magnified view of sterigmata and oonidia x 600. 

8. Comdia x 347. 

9. Germinating oonidium x 347, 
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STUDY OF THE LOSSES OF FERTILIZING CONSTITUENTS 
FROM CATTLE DUNG DURING STORAGE AND A 
METHOD FOR THEIR CONTROL. 


BY 

N. D. VYAS, L.Ao., 

Assistant to the Imperial Agricultural Bacteriologist . 

The most precious and the most readily available manure at hand for a farmer 
is his farmyard manure, which not only supplies plant food to his crops but also 
ameliorates the physical texture of the soil, which is an equally essential factor for 
the good development of the plants. Any attempt to make the best use of it never 
goes unrewarded. 

In Western countries farmyard manure consists of the liquid and solid excre¬ 
tions of the fanner’s live-stock with varying amounts of straw or other litter used 
as bedding. Indian farmyard manure, on the other hand, usually consists only 
of the dung, with such urine as it has absorbed, and little or no bedding material. 
The bedding used in the West not only serves to add to the comfort of the animal, 
but also absorbs the liquid excretions which thereby find their way into the manure 
pit, and supply the nitrogen needed for the proper breaking down of the carbo¬ 
hydrate material of the dung and litter by bacterial fermentation. In India both 
ding is rarely used, for one reason because it is often unavailable, straw being of 
more value as fodder, and secondly because it is only rarely needed to provide 
warmth for the cattle. The urine may be absorbed by soil spread over the floor 
of the cattle shed, but this practice is not very common and generally the urine 
is allowed to run to waste. Thus cattle dung is the chief and almost only consti¬ 
tuent of Indian farmyard manure, and investigations carried out on dung are of 
more immediate importance than those on mixtures of dung with urine and litter. 
Joshi [1922] has shown that there are greater losses of nitrogen when dung and 
urine are mixed than when they are stored separately, and he has dealt with the 
problem of the conservation of nitrogen in stored urine. In this investigation we 
confine ourselves to problems connected with the stored dung. 

Ever since the discovery of the utility of farmyard manure, numerous attempts 
have been made in various parts of the world to find out suitable methods for its 
storage. It was observed that during fermentation the farmyard manure lost some 
of its very valuable constituents. Attempts to minimise these losses resulted in 
suggesting its storage under cover, to protect from the action of rains, and to keep 
it moist and consolidated. Later on the use of preservatives, such as superphos¬ 
phate, kainit, gypsum, chalk, formalin, etc., was advocated. . 

In India some of the above methods were tested, found satisfactory, and re¬ 
commendations for its storage under cover in moist consolidated conditions were 
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frequently made. Keeping it covered with soil also found favour witn some in¬ 
vestigators but very little attempt has been made to test the possibilities of using 
preservatives. Only Joshi [1922] has published an account on the use of preserva¬ 
tives for this purpose in one of the important publications in India. Joshi [1922], 
during the course of his Btudies on the control of losses of nitrogen from urine, found 
that none of the materials, such as gypsum, calcium chloride, kainit and potassium 
salts, proved efficient. Formalin, sulphuric acid and superphosphate gave en- 
ooura ging results but the quantities used proved prohibitive from the economic 
point of view. 

Since the value of dung depends on its dry matter and its nitrogen content and 
these suffer the greatest losses during storage, only these constituents were taken 
into account in the study of this problem. 

In selecting the preservative the choice fell on superphosphate because, besides 
being an efficient preservative, it supplies phosphoric acid to soil. Its preservative 
efficiency, compared with that of other materials has been reported on by Ames 
and Richmond [1917], Collison and Conn [1922] and many others. Ames and 
Richmond [1917] found it superior to calcium sulphate or sulphur in retaining 
nitrogen. Collison and Conn [1922] used rock phosphate, acid phosphate, gypsum, 
peat, and straw, and found acid phosphate the best preservative for both dry 
matter and nitrogen; peat was good, rock phosphate was poor and gypsum showed 
indifference. 

The next point after the selection of the preservative was the consideration of 
the amount to be used to make it economically effective. The normal dressing of 
cattle dung for ordinary crops is five tons, and for garden crops it is about ten tons 
per acre. If this were to be treated with one per cent, or two per cent, super¬ 
phosphate, the amount of phosphate would come to one to two owt. per acre with 
five tons and two to four cwt. with ten tons of manure, and so these amounts were 
used. 

The results of the experiment have shown that since poor dung needs only one 
per cent., the amount of superphosphate per acre even with ten tons of manure 
would come to only two cwt. per acre. With rich dung, which was one and a half 
times richer than the poor dung in its nitrogen content, two per cent, superphos¬ 
phate was more effective than one per cent. With ten tons of this dung the amount 
of superphosphate would come to four cwt. per acre which is a little more than 
normally applied to fields, but in view of the fact that only six to seven tons of rich 
dung are equivalent to ten tons of poor dung for application to the fields, the amount 
of superphosphate will also bo reduced to 2-4 to 2*8 cwt. per acre. 

Experimental details. 

In the early morning on the let of December, 1928, about a maund of dung 
free from litter and urine was collected from the bullock-shed at the farm. The 
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sample represented the dung of a dozen Montgomery bullocks. Similarly another 
maund of dung of a dozen Montgomery cows in milk was also collected from the 
dairy shed. Both samples were brought to the laboratory in covered pails. Each 
was then thoroughly mixed on a washed cemented floor, and three lots of 4,000 
grm. were weighed out from each kind of dung into wide enamelled basins. One 
of these lots was stored in weighed glass jars of four and a half litre capacity. To 
the second lot was added one per cent, and to the third two per cent, superphos¬ 
phate. After thorough mixing these too were placed in similar jars. The jars 
were again weighed and samples were taken for analysis. They were then covered 
with big glass plates and left at room temperature (20° C. to 32° C.) till the 22nd 
October, 1929, when they were again analysed. 

It may be mentioned here that during the week preceding the date of taking 
the samples all the cattle received maize silage and oat bhusa as dry fodder and 
crushed oats and oil-cakes as concentrates. As green fodder the bullocks received 
a little green cow-pea and meth (Phascolus aconitifolius ), while the cows had free 
access to berseem in fields. In concentrates, the cows’ diet differed from the bullocks’ 
in having crushed pulses instead of crushed maize, in addition to the crushed oats 
and cake mentioned above. 


Analytical methods. 

Moisture . Fifty grm. of dung composts were weighed out in a flat-bottomed 
porcelain dish and dried at 65° C. to a constant weight. 

Total nitrogen. This was estimated by the Kjeldahl-Gunning method. To 
avoid smearing of the neck of the digestion flasks, the samples were weighed out^on 
weighed pieces of paper, which were then rolled and dropped into flasks. Quad¬ 
ruplicate analyses were made in each case with samples weighing between 19 to 
20 grm. 

Ammonia . Ten grm. of dung composts were transferred to distillation flasks 
with 600 c.c. of distilled water and the ammonia was distilled with freshly ignited 
magnesia into standard acid. For this, duplicate smaples were taken but where 
they failed to agree, duplicate samples were again taken and the averages of three 
agreeing determinations were recorded. 

All the calculations at start have been recorded on the contents of the jars 
after deducting the amounts used for analysis. It will be noticed from the results 
that the composts treated with superphosphate show an increase in their nitrogen 
content. This is due to the presence of 0*57 per cent, nitrogen in the superphos¬ 
phate itself. A little variation, of course, will have to be attributed to experimental 
error. 
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Results and discussions. 

Loss 07 DRY MATTER. 

Table I. 

Effect of superphosphate on the loss of dry matter of dung during its fermentation. 


Kind of compost 

Dry matter 
per jar at 
start 
(1st 

December, 

1928) 

Dry matter 
per jar after 
fermenta¬ 
tion (22nd 
October, 
1929) 

Loss OF DBY MATTBB 

Per jar 

Per cent. 


Qrm. 

Grm. 

Grm. 


Bullook dung ...... 

593-67 

405-75 

187-92 

31-65 

„ „ -f- 1 per cent, super 

620-89 

492-98 

127-91 

20*60 

„ „ + 2 per oent. super 

650-92 

539*73 

111-19 

17*08 

Cow dung. 

626-13 

403-46 

222-67 

35-66 

»> M 4- 1 per oent. super . 

641*98 

479-08 

162*90 

25*46 

» „ + 2 per oent. super . 

666-70 

560-29 

106*41 

15*96 


That the dung during storage loses some of its dry matter is a universally ad¬ 
mitted fact, but the extent of loss is, however, controllable and varies with the 
method of storage. From the examination of Table I, it will be seen that other 
factors being the same, the loss is also dependent on the quality of the dung, wjrich 
in its turn depends on the kind of food given to the cattle. In the cow dung, which 
was rich in nitrogen, the loss came to 35 56 per cent, against 3165 per cent, in the 
dung of bullocks, poor in nitrogen. These results may be compared with those of 
Wood [1907], who found that the dung of cattle fed on roots, hay, and cake lost 
18'6 per cent, of its dry matter in six months against 16 2 per cent., lost by the dung 
of cattle fed on roots and hay only. 

Further examination of Table I reveals that this loss is controllable to a great 
extent if superphosphate is added to the fresh dung before storage. With on© per 
cent, superphosphate the loss of dry matter in the poor dung of bullocks has been 
reduced from 31-65 per cent, to 20 60 per cent, in the control. The corresponding 
figures in the rich dung of cows come to 35 66 and 25*46 per cent. With two per 
cent, superphosphate the losses have been further reduced to 17-08 per cent, and 
15-96 per cent, in poor and rich dung, respectively. 
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Taka II. 

Amount of dry matter retained by treatment with superphosphate out of that lost in 
the controls per 100 grm. of dry matter. 


Kind of compost 

Dry matter 
lost 

Dry matter retained 
from that lost in 
the oontrols 




Per oent. 

Grm. 

Per oent. 

Bullock dung. 

* 

. 

31-65 

.. 

.. 

tt „ -f 1 per oent. super. 

• 

I 

20-00 

11-05 

34-90 

t , f , -f 2 per cent, super. 

• 

• 

17-08 

14-57 

46-00 

Cow dung. 

• 

• 

35-56 

• • 

•• 

„ „ + 1 per cent, super 

• 

• 

25-46 

10-10 

28-40 

„ -f- 2 per cent, super 

• 

• 

15-96 

19-60 

55-10 


When calculated on the basis of the actual amount of dry matter retained to 
that lost in the controls, it will be seen from the above table that in the case of 
poor dung one per cent, superphosphate retained 34 90 per cent., while two per 
cent, retained it to the extent of 46 per cent. "With rich dung the figures of reten¬ 
tion came to 28 40 per cent, and 55*1 per cent, for one and two per cent, super¬ 
phosphate respectively. 

These figures thus show that, for the control of loss of dry matter in dung, the 
addition of one per cent, superphosphate gives satisfactory results with poor dung, 
but with rich dung two per cent, is essential. 

These results compare well with those of Ames and Richmond [1917], CoUison 
and Conn [1922], Dietzell [1897] and Pfeiffer [1897]. 

In Ames and Richmonds’ experiments [1917] with horse dung and 2 5 per cent, 
acid phosphate, the loss came to 2178 per cent, against 32 5 per cent, in the control 
in eight months. CoUison and Conn [1922] after four months’ fermentation of the 
horse dung with one-fourth of its weight of urine lost 63 4 per cent, of its dry matter, 
but by treatment with 5 per cent, acid phosphate they were able to reduce the loss 
to 25 per cent. only. DietzeU [1897] conducted the experiment with cow dung 
with 10 per cent, chopped straw. Under aerobic condition he found the loss of dry 
matter up to 45 93 per cent., which with superphosphate came to 39‘49 per cent, 
only in about six months. Pfeiffer [1897] found a loss of 24*34 per cent, in con¬ 
solidated untreated dung against 16*92 per cent, in the dung treated with super¬ 
phosphate in about five months. 














LOSSES or FERTILIZING CONSTITUENTS FROM CATTLE DUNG 


Loss of Nitrogen. 

Table III. 

Effect of Superphosphate on the loss of Nitrogen in dung during its storage. 


i 

Kind of oompost 

Total N 
per jar at 

Total N 
per jar after 

Nitrogen lost 

start (1st 
December, 
1928) 

fermentation 
(22nd Octo¬ 
ber, 1929) 

Per jar 

Per oent. 

Bullock dong. 

Grm. 

8-577 

Grm. 

7*797 

Grm. 

0*780 

9*10 

„ M +1 per oent. super 

8-853 

8-378 

0*475 

5*37 

„ „ -f- 2 per oent. super 

9-330 

8-947 

0-383 

3*85 

Cow dung . 

13-056 

9-671 

3-385 

25*92 

M „ -f- 1 per oent. super . 

13-503 

11-994 

1-009 

11*91 

„ „ + 2 per oent.s upcr . 

13-677 

12-714 

0-963 

704 


At the very first sight it will he seen from Table III that the dung lost some of 
its nitrogen during Btorage. That this Iobs is unavoidable, has been observed bv 
many workers. Only in rare cases it has been observed that the whole of the 
nitrogen of the original dung has been recoveied after fermentation. Russell and 
Richards [1917] found no loss only in one of the compacted heaps, while in all others 
loss did occur. Berry [1909] also showed that the manure kept covered with soil 
lost none of its nitrogen but these appear to be exceptional, uneconomical and im¬ 
practicable cases, as the dung heaps to which fresh dung is added every day can 
neither be conveniently compacted daily, nor can they be covered daily with a thick 
layer of soil. Besides this, considerable loss of nitrogen even in well-compacted 
dung heaps has been observed by Berry [1909], Wood [1907], Goodwin and Russell 
[1905] and Russell and Richards [1917] and others. 

Table III further shows that the rich dung lost more nitrogen than the poor 
dung. The former lost 25 92 per cent, against 91 per cent, lost by the latter. 
These results agree with those of Wood [1907] who found that the dung of animala 
fed with roots and hay lost 10 6 per cent, against 26 9 per cent, in the dung of 
a nima ls fed on roots, hay and cake. Goodwin and Russell’s observations [1905] 
also confirm these results. 

Now the problem naturally arises as to how to put a check to the waste of thi 8 
most valuable fertilizing element. The present experiment shows that the addi- 
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tion of superphosphate to the fresh dung before storage minimises this loss to a 
considerable extent though it does not stop it completely. With one and two per 
cent, superphosphate, the losses have been reduced to 5*37 per cent, and 3'85 per 
cent, from'9'1 per cent, in the poor dung, and to 11*91 per cent, and 7‘04 per cent, 
from 25*92 per oent. in the rich dung. 

Table IV. 

Amount of nitrogen retained Jhy treatment with superphosphate out of that lost in the 

controls per 100 grm. of nitrogen. 


Kind of compost 

Nitrogen 

lost 

Nitrogen retained from 
that lost in the 
oontrols 

Bullock dung. 

Per cent. 

9-10 

Grm. 

Per cent 

„ „ + 1 per oent. super. 

6*37 

3*73 

40-99 

9 $ ft + 8 per oent. super. 

3*85 

6*26 

67*69 

Oow dung. 

26*92 

•• 

• e 

tt tt + 1 per oent. super. 

11-91 

14-01 

64*04 

„ „ + 2 per oent. super. 

7*04 

18-88 

72*07 


Calculated in terms of retention of nitrogen out of that lost in the controls, 
Table IV shows that one per cent, superphosphate retained 40 99 per cent, in poor 
dung and 54'04 per cent, in the rich dung, while two per cent, retained 57 69 per. 
oent. and 72 07 per cent, in poor and rich dung, respectively. Here again, just as 
in the case of dry matter, these figures show that for rich dung two per cent, super¬ 
phosphate should be used, while for poor dung one per cent, may be enough. 

That these figures concur with those of other workers will be seen from the 
following summary:— 

Dietzell [1897], by treatment with superphosphate, was able to reduce the 
loss of nitrogen from 9 08 in the control to 5 48 per cent, in the treated dung. 
Pfeiffer [1897] in untreated compacted dung lost 49 7 per oent. against 33 56 per 
cent, in that treated with superphosphate. Ames and Richmond [1897] by 
treatment of horse dung brought down the loss of nitrogen to 31 per cent, from 
10 6 per cent, in the control. In ColliBon and Conn’s experiments [1922] super¬ 
phosphate was able to reduce it to 20'3 per cent, from 50 8 per cent, in the control. 

All these experiments show that superphosphate when added to dung plays 
an important part in preventing the loss of dry matter and nitrogen, and that the 
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amount to be added depends on the quality of dung. For the dung of those cattle 
who maintain their lives on rough fodders only, one per cent, superphosphate will 
be more than enough, but where the cattle get rich concentrates two per cent, should 
be used. 

Relation of ammoniacal nitrogen with total nitrogen in die dung treated with 

superphosphate. 

During storage the complex protein compounds of the dung undergo decom¬ 
position, and the nitrogen is converted into free nitrogen and ammonia. Of these 
forms, the free nitrogen returns to the atmosphere. A little ammonia too is vola¬ 
tilised and is lost, but the major portion of it finds its way into the fields to which 
the dung is applied, where, for crops like paddy grown in standing water, it serves 
directly as a plant food, and in aerated soil it is subjected to the action of certain 
bacteria which convert it into nitrates to be used by the plants. Under these condi¬ 
tions the aim of every cultivator should be to ferment his farmyard manure in such 
a way that a high proportion of its nitrogen may be transformed into the ammo¬ 
niacal form in the heap and yet be not lost by volatilisation. Both of these condi¬ 
tions are fulfilled by treatment of the dung with superphosphate, as will be seen 
from the following table. 


Table V. 


Effect of superphosphate on the conversion of total nitrogen into ammo'niacal nitrogen 

in fermenting dung composts. 


Kind of compost. 

Total 
nitrogen 
per jar 

Ammoniacal nitrogen 

Per cent, or original 

NITROGEN FOUND AS 

AMMONIA 


at start 

At start 

After 

fermenta¬ 

tion 

At start 

After 

fermenta¬ 

tion 


Grm. 

Grm. 

Grm, 

Per cent. 

Per cent. 

Bullook dung 

8*577 

0*713 

0-564 

8*31 

6-58 

Bullock dung + 1 per cent, 
super. 

8*853 

0*840 

1*140 

9-49 

13*36 

Bullook dung -f 2 per oent. 
super. 

9*330 

1045 

1*382 

11-79 

15*47 

Cow dung .... 

13*056 

0-908 

1*114 

6-95 

8*53 

m » +1 per oent. super 

13*503 

1113 

3*251 

8-24 

24*08 

M tt *4“ 2 per cent, super 

13*677 

1-223 

4*080 

8-94 

29*81 
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The above table shows that poor dung stored without any treatment lost some 
of its original ammoniaoal nitrogen, while it has increased in the rich dung. In 
the former it has come down to 6*58 per cent, from 8*31 per cent., and in the latter 
it has gone up to 8*53 per cent, from 6*95 per cent. With the addition of super¬ 
phosphate to the poor dung the ammoniaoal nitrogen has been increased by one 
and a half times that of the original ammoniacal nitrogen and by three times in 
the rich dung. In poor dung 13-36 per cent, and 15-47 per cent, of the original 
total nitrogen appeared in ammoniaoal form after fermentation, while in the rich 
dung it has gone up to 24*08 per cent, and 29-81 per cent, with one and two per 
cent* superphosphate respectively. 

To adopt the method on a practical basis approximately the required amount 
of superphosphate should be scattered over each day’s dung as soon as it is trans¬ 
ferred to the manure pit. 


Summary and conclusions. 

The paper deals with the investigation concerning the loss ot dry matter and 
nitrogen transformations in the cattle dung during its storage. For this purpose 
bullock dung and cow dung were stored separately, with and without treatment 
with superphosphate, for ten months under laboratory conditions. The cow dung 
was one and a half times rioher than the bullock dung in its nitrogen cortent. The 
composts were analysed in the beginning and at the end of the period of observa¬ 
tion for dry matter, total nitrogen and ammoniacal nitrogen. From the results of 
analyses the following conclusions have been arrived at:— 

1. The rich dung loses more of its dry matter than the poor dung during storage. 

The former lost 35-56 per cent, against 31-56 per cent, by the latter. 

2. The addition of superphosphate to the dung before storage reduces this loss 

to a considerable extent. 

3. For the poor dung the addition of one per cent, superphosphate is enough, 

but for the rich dung two per cent, is essential. One per cent, retained 
34-9 per cent, of the dry matter lost from the poor dung against 28*4 
per cent, in the rich dung. With two per cent., the corresponding 
amounts came to 46-0 per cent, and 55-1 per cent., respectively. 

4. Loss of nitrogen is greater in the rich dung than in the poor dung. The 

latter lost only 9-1 per cent., while the former lost 25-92 per cent. 

5. Superphosphate is efficacious in minimising this loss to a great extent. Of 

the nitrogen lost in the controls one per cent, superphosphate was able 
to retain 40-99 per cent, in the poor dung and 54-04 per cent, in the rich 
dung, and the two per o$nt. retained 57*69 per cent, and 72*07 per cent, 
in the poor and the rich dung, respectively. 
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6. The richer the dung in nitrogen, the more superphosphate may be added, 

but keeping in view a normal dressing of two to three cwt. of super¬ 
phosphate per acre, more than two per cent, should not be added. 

7. Superphosphate is not only effective in controlling the loss of dry matter 

and nitrogen, but it increases the conversion of total nitrogen into ammo- 
niacal form and is able to retain it in that form. This production of 
ammonia is more vigorous in the rich dung than in the poor dung. In 
the poor dung treated with superphosphate the original ammoniacal 
nitrogen was increased by one and a half, and in the rich dung by three 
times. 

My thanks are due to Mr. J. H. Walton, Imperial Agricultural Bacteriologist, 
for his assistance in the preparation of this paper. 
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A SHORT NOTE ON THE DISEASES OF COTTON SEEDLINGS 
IN THE CENTRAL PROVINCES. 


BY 

JEHANGIR FARDUNJI DASTUR, M.So., 

Mycologist to Government, Central Provinces. 

In the Central Provinces, cotton plants are susceptible to many diseases, par¬ 
ticularly in the seedling stage; at times the mortality is so heavy that resowing is 
essential. Though seedlings die annually, the loss is very heavy in unfavourable 
seasons; this loss of seedlings, however, passes unnoticed in favourable seasons, 
owing to the general practice of very heavy seeding. It had been in the past taken 
for granted that the cause of the death of seedlings was due to “ wilt ”, to which 
some varieties, like Roseum, are specially susceptible. The writer of this note was 
also guilty of the same assumption when he first commenced the study of cotton 
wilt in 1924. 

As the study of the wilt disease progressed, it was noted that this disease was 
chiefly confined to plants that had passed the herbaceous stage and had developed 
woody stems. As a rule cotton plants were susceptible to this disease after they 
were about two months old. All varieties of cotton were not equally susceptible 
to wilt; some, like Roseum, were highly susceptible whereas varieties like Buri were 
wholly resistant. But in the seedling stage when the stem was still soft and suc¬ 
culent many plants died of disease, and they showed none of the typical symptoms 
of wilt. The seedling diseases, unlike wilt, were not confined to any particular 
variety. Wilt-resistant varieties were also highly susceptible to these seedling 
disease. It was further found that the seedling diseases were caused by more than 
one organism. There are evidently two distinct types of seedling diseases—(1) a 
wet-rot or “ damping-off ” and (2) a dry-rot. , 

Wet-rot or "damping-off”. The infected seedlings damp off. The collar is 
soft and rotten and at times constricted. The stem does not remain erect but 
falls over at or near the surface of the ground. The underground parts are, more 
or less, completely decayed and are water-soaked; the diseased seedlings, there¬ 
fore, cannot be uprooted intact. The damping-off is caused by two members of 
the Phycomycetes ; one is a Pythium and the other a Phytophthora. This damping- 
off disease is capable of infection only in very humid conditions or when the soil 
is water-logged at the time the seedlings are not more than two to three weeks old ; 
the loss of seedlings from damping-off is therefore not serious. One of the causes 
of the apparent non-germination of cotton seeds, the non-appearance of plants 
above the ground surface, is infection of the sprouting seed by these Phycomyce- 
tous fungi and the consequent death of the seedlings before they can break through 
the soil surface. 
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Dry-rot. This disease, caused by Khizoctonia bataticola (Taub.) Butl. and known 
as sore-shin, is easily distinguished from the damping-off disease; the stems of 
infected plants stand upright and the diseased part is not water-soaked. The 
infected plant can be easily uprooted, with the tap-root intact. The disease infects 
both the collar, or the underground part of the seedling, and the leaves. It iB 
fatal only when the collar or the underground parts are infected. If a dead or 
dying plant is removed from the ground, the collar is found to be discoloured. It 
is at first pale brown or reddish brown, which later turns dark brown, and ultimately 
it is almost black. The infected part of* the tap-root is thinner than the healthy 
parts above and below it, as it has shrunk due to the drying up of the cortical tis¬ 
sues. This is particularly the case when the diseased seedling is very young and 
the tap-root and stem are succulent. If the stem of the young plant has become 
woody, the constriction of the infected part may not be conspicuous, but the diseased 
bark is in shreds. 

The infected leaves have a very characteristic appearance and are easily dis¬ 
tinguished from the drooping leaves of a wilt-affected plant. If the cotyledons 
are slightly affected, they look as if they were badly pinched between the thumb 
and the fore-finger. They do not lose their green colour and do not turn yellow. 
When practically the whole of the cotyledon is diseased, it is shrunken and looks 
smaller in size and hangs limply; very often only one cotyledon is diseased. The 
foliage leaves when infected do not at first wholly lose their green colour, but they 
look as if they were being bleached. At a later stage they turn brown. The in¬ 
fected leaves lose their water contents and so look shrunken and crumpled. They 
have a tendency to roll inwards from the tip towards the petiole. They are crisp 
and dry to the touch and can be easily crushed to bits. The infection remains 
confined to the diseased leaf. It does not spread to the stem from the leaf and, there¬ 
fore, when only the leaves are affected there is no general loss of turgidity. These 
infected leaves are ultimately shed and the plants put forth new shoots and buds. 
But when the collar or the tap-root is infected, the infection is fatal. 

As a rule the disease is confined to seedlings and young plants. They are liable 
to infection even before the primary leaves have emerged from the seed-coat, and 
thus poor germination may be due not to bad seeds, but to infection by this disease. 
Plants less than 10 to 12 weeks old are usually most susceptible to this disease. 
Mature plants, as a rule, do not get infected but they are not wholly immune. In 
Nagpur, in 1927, in one field plants about three to four months old were found 
infected by this disease, which was confined only to leaves. The infection did not 
spread from the leaves to the stem or tap-root, and so the plants were not killed. 
The disease was observed from about three or four weeks. The plants were at first 
defoliated but they put forth new leaves, and ultimately there were no signs of the 
disease. This year a root-rot of mature cotton plants has been reported from many 
localities in these provinces. This root-rot has caused in some places considerable 
damage. Rhwoctonia bataticola has been isolated from the infected tap-roots. 
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For many years attempts have been made to reproduce the disease by inocula¬ 
tions. The inoculations were done in several ways, e.g,, the soil was well mixed 
with the fungus (R. bataticola) a few days before sowing and kept moist for the 
fungus to establish itself in the soil; the soil was mixed with the fungus at the time 
of sowing ; the seed was coated with the fungus before sowing; seedlings were ino¬ 
culated at the collar when they were a few days old; but the inoculations always 
gave negative results. Though the inoculations on leaves were always successful, 
the infection was confined to the leaf inoculated, which dropped off as in the case 
of naturally infected leaves, without the infection spreading to the stem. 

It has now been found that the fungus is capable of infection only under certain 
limited soil conditions. Any cause that delays the germination of the seed—by 
germination is meant the appearance of the cotyledons abovo the soil surface—is 
favourable for the infection of the seedling. This delayed emergence of the pri¬ 
mary leaves above the soil surface may be due to many causes. A certain number 
of seeds, even under the best germinating conditions, sprout more slowly than other 
seeds out of the same lot. It is these slow developing seedlings which are suscep¬ 
tible to this disease. This has been found not only experimentally but from obser¬ 
vations made in many infected fields; in fields where conditions for seed germina¬ 
tion have been favourable it has been observed that a large majority of the infected 
seedlings are those which are much smaller than their neighbours. These plants 
are not dwarfed but are only smaller in size as the seedlings burst through the 
ground surface later than thoir neighbours. The cause of this delayed germina¬ 
tion is physiological and, therefore, there is not much loss in fields where the condi¬ 
tions for germination of seeds have not been adverse. But when the soil condi¬ 
tions have been unfavourable to quick germination, there is a heavy loss of seedlings, 
at times amounting to 30 per cent. The adverse soil conditions are brought about 
by many causes. For example, if seeds are sown when the soil is just sufficiently 
moist, after the first few showers of rain, to help the seed to begin to sprout, and 
if there is a long break after the sowing, the cotyledons do not come out through 
the soil surface in four or five days after sowing, but take a longer time; again 
there may be sufficient soil moisture to ensure normal sprouting of the seed but 
the top surface may be packed too tight for the seedling to emerge without delay. 
After sowing the seed under favourable soil conditions there may be a heavy fall 
of rain so as to completely flood the fields. In these flooded fields, in which water 
has been standing for some hours, if not days, the top surface forms a hard crust 
on drying, which the seedlings underground cannot readily break through. Under 
these conditions the seedlings are in a critical stage for infection, and there is usually 
a heavy incidence of the disease. Successful inoculations have been obtained when 
such conditions were re-produced in pots. Field observations as well have shown 
that seedlings are susceptible to dry-rot when soil conditions are unfavourable for 
rapid germination. This year reports have been received from many places regard¬ 
ing the high rate of mortality of seedlings. Wherever a detailed examination has 
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been made, it has been found that the greatest damage has occurred in those fields 
which were sown early, immediately after the first break of the monsoon ; a couple 
of days after sowing there was a heavy rainfall which completely flooded the fields; 
water was standing in the fields for some time after the rain had fallen; as a result, 
on diying. a hard crust was formed on the surface ; in these fields germination was 
naturally delayed and there was a large number of diseased plants; whereas in 
those fields which were sown after the heavy fall of rain that is, a fortnight or so 
after the first sowing was commenced, there was very little disease. The late sown 
fields had a better stand of cotton plants than the early sown fields. In the former 
not only were there a larger number of plants, but the plants were bigger in size 
and more luxuriant in growth. 

Thus field observations have confirmed laboratory experiments. 

Having found the conditions under which the dry-rot of cotton seedlings does 
most damage, some suggestions can be made for its prevention. It is essential 
that the germination must be rapid, and therefore the soil must be in"a condition 
to ensure quick growth of the seedlings. In infected fields seeds should not be 
sown very early, unless there has been sufficient rainfall so that the soil moisture 
is enough for quick germination of the seed. If, after sowing, the fields are flooded 
and a hard crust has been formed on the surface on drying, steps should be taken 
to break flic aunt as soon as possible so as to help the seedlings to emerge above 
the ground surface. 

This disease, as already stated, is chiefly a disease of seedlings, but mature plants 
have also been found to be susceptible. The disease does most damage to mature 
plants when grown in water-logged fields. In fields which are une\en, plants grow¬ 
ing in hollows of the field arc usually affected especially after a heavy rainfall. The 
badly affected plants have the baik at the collar in shreds and the wood is discolour¬ 
ed brown to black. In early stages of the disease, the bark of the tap root and the 
collar is intact but is discoloured brow'll. Unlike the seedling blight, there is no 
shrinking of the affected parts. Mature plants are liable to infection by this disease 
under the following conditions as w T ell. If, after a heavy fall of rain, the wet soil 
dries very rapidly as a result of the weather clearing up and the temperature rising 
suddenly, it forms a haid cake round the collar of the plants and presses tightly 
against the collar, which consequently loses its cylindrical form and gets flattened 
out. The bark of the flattened parts breaks up into longitudinal cracks, through 
which Rhizoctovia infection takes place and the plant is ultimately killed. Infec¬ 
tion is also known to occur through wounds caused by insects and agricultural 
implements at the time of weeding and hoeing. However, there have been cases 
in which the infected dead or dying plants show no external signs of injury. It 
is not known how the infection in these cases takes place. 

The disease on the leaves, as already stated, is not fatal. The infection from 
leaf to leaf is carried by healthy leaves coming in close contact with a diseased 
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leaf. This often happens when in a showed of rain healthy leaves get stuck to a 
diseased leaf by means of a film of water between them. 

Spiders have been observed to carry the infection from leaf to leaf. When 
a spider spins its web joining a diseased leaf with a healthy leaf, it has been noted 
that the latter shows signs of infection in a couple of days. 

Rhizoctonia bataticola (Taub.) Butl. has invariably been isolated from diseased 
leaves. It has extremely minute, block sclerotia, not bigger than a pin head. From 
diseased tap-roots and collars of seedlings this fungus is chiefly isolated, but in some 
cases Rhizoctonia solani Kunz., having big, brown, irregularly shaped sclerotia, has 
been obtained ; both these fungi have been found to be parasitic to seedlings under 
the conditions described above ; no morphological differences can be detected in 
the symptoms produced by these two Rhizoctonias on the infected seedlings; from 
mature diseased plants only Rhizoctonia bataticola (Taub.) Butl. has been obtained. 
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RINGING FRUIT TREES : THE PRESENT POSITION * 


BY 

D. AKENHEAD. 

(Technical Communication from the Imperial Bureau of Fruit Production , East Mailing 

Research Station. May 1930.) 

Although ringing has been practised for many hundreds of years, the resulting 
phenomena have not yet all been satisfactorily explained. When once the exact 
physiological effects under varying conditions have been determined, horticultural 
experts will be in a better position to give advice as to the value and desirability of 
ringing under any given circumstances. 

Aim. 

At present there is no definite agreement even as to the aim of the practice. 
While it is generally accepted that ringing will under certain conditions cause the 
formation of fruit buds in hard fruits with a consequent production of fruit in the 
following year, considerable disagreement exists as to its effects on the set of blossom 
in the year of ringing. 

Thus Gourley and Howlett a3 f do not consider that it affects the set of fruit- 
Swarbrick 64 , moreover, notes that the factors controlling the set of apple blossoms 
are quite different from those governing their formation, and that, where there is a 
regular show of blossom but no set of fruit, it is not advisable to ring the trees. 

Seabrook, 48 on the other hand, writes :—Ringing appears to provide the flowers 
with enough material to develop fruit”. Hoinicke 27 , again, notes that in his experi¬ 
ments on apples “ ringing has invariably increased the set of fruit”. Certain other 
minor experiments in this country of recent years have also, without proving the fact, 
given good grounds for supposing such to be the case. 

That ringing causes the set of fruit in grape vines has been satisfactorily proved 
by Perold 47 , and others 1 ; 41 and this is the main object of the practice in viticulture, 
where it is a most usual treatment in the cultivation of table grapes. Whether it also 
induces early ripening of the grapes, as is claimed by some 7 , is not so certain. 

, summary of the present position of knowledge on the ringing of fruit trees is published 

by kind permission of the Director, Imperial Bureau of Fruit Production. 

t Reference by superior figures is to the literature cited at the end of the article. 
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In dealing with the hard fruits, however, its more usual object, at any rate, is 
the formation of flower-buds or as stated by Swarbrick 84 “ the bringing of unproduc¬ 
tive, over-vegetative trees into a condition of fruitfulness. The practice will be 
governed by the principle, that in the case of over-vegetative trees any practice that 
will slow down growth will be conducive to flower bud formation”. 

Forms or Kinging. 

Gourley and Howlett*® describe the immediate object to be the production of a 
temporary cessation in the downward translocation of plant food without permanent 
injury to the tree. 

This object may be attained by several methods no one of which has as yet been 
proved of definite superiority. 

Thus :—Cutting out a circular ring of bark—twisting a wire tightly about the 
branch or trunk—drawing a sharp blade around the limb or trunk without removing 
a section of bark (known as “ scoring ” or “ knife edging ”)—-and such accidental 
injuries as the killing of the bark by fire, disease or the gnawing of animals all give the 
effect of ringing. 

The narrow ring method is that advocated by Swarbrick 87 . He prefers to use an 
ordinary sharp pruning knife. With this he makes a narrow, complete ring, which is 
about wide on trunks of 4-6' diameter and somewhat less on trunks of smaller 
girth. The depth of the ring is, of course, down to but exclusive of the xylem. 
The ring is covered with a few rounds of surgical adhesive tape or electrical insulating 
tape. Neither grafting wax nor any other substance, which might flow into the ring 
and prevent the fusion of the. callus from the two edges of the ring, is used for covering 
purposes. The tape may be removed when the ring is completely filled with callus 
tissue, generally in about a month or six weeks time. A sufficient check to growth 
is thus obtained to ensure flower-bud formation, and at the same time there is no 
danger from open wounds. The process, a very simple one, can be repeated when 
and if necessary. 

Other methods are the removal of a spiral ring of bark and of incomplete rings. 
In the latter case either parts of the bark are removed, leaving bridges between, or 
such a system is employed, as has been practised for the last few years with consi¬ 
derable success in the Wisbech area. It has been called the “ Gardner ” method from 
the fact that Messrs. Gardner have invented a three edged knife which greatly facili¬ 
tates the operation. 


“ Gardner ” method. 

This method consists of the removal of two half rings of bark about f ' wide, at 
about 4' apart on opposite sides of the stem. In obstinate cases of non-fruiting the 
rings are made to overlap. These rings are kept open and are protected from the 
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entry of fungus spores and woolly aphis by white lead paint or other similar sub¬ 
stances. 

It is as yet too soon to say whether this method is, under Wisbech conditions, 
more free from harmful after-effects to the ringed trees than any other method. 

Knife edging. 

Knife edging has been successfully used by Lees* 4 in this country in order to shape 
the growth of young trees and seems to offer considerable commercial possibilities. 

He combined his system of knife edging with very close summer and winter 
pruning in order both to build trees into the shape required, and to encourage fruiting. 

Tt was found that knife edging caused the production of lateral branches imme¬ 
diately below' the wound and that it was so possible to get rows of pyramidal cordons, 
entirely self-supporting and flowering profusely every year. 

Time of Ringing. 

Swarbrick 86 in his account of experiments to determine some of the physiological 
effects of ringing, notes that “ the date of ringing markedly altered the responses 
produced”. 

Oourley and Howlett 23 note thut the operation should take place at a time when 
the wound will heal rapidly and prior to the time of fruit bud differentiation. 

Sea brook 49 recommends ringing just before, during and just after flowering time, 
beginning as soon as the bark “ runs ” freely. 

Swarbrick 57 considers that the proper time for ringing is best defined by the 
blossoming period, and that ringing should be carried out within 14-21 days after 
the petals begin to fall, or any time from full bloom to 14 days after petal fall. He 
does not recommend ringing earlier, while he notes that ringing later often fails to 
induce flower-bud formation in the same year, while the “ hold over ” effect to the 
following year may not be enough to induce it then, so that the result is negligible. 

He 84 notes that in this country the best opportunity will probably occur some 
time in May or early June. His observations confirm those of Barker and Lees 4 who, 
in their account of earlier work at Long Ashton, report as follows :— 

“ The later the rings are made, the less will dormant buds below be stimulated. 
This conclusion is strengthened by some rings made elsewhere in June, when an 
intermediate result was obtained (i.e., to those got from May and July ringing). 

The operation in July is dangerous owing to the risk of canker. 

Ringing in May causes growth in buds that would otherwise remain quiescent, 
the effect being most marked immediately below the ring, though there is at the same 
time a tendency for the stimulus to be accentuated at the base of the twig. 
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The experiments indicated that callus grew more slowly in July than in May. 
Despite this, however, less effect was produced on bare wood below in July than in 
May after ringing.” 

Shaw 81 observing the effect of ringing on apple trees in Massachusetts also stresses 
the necessity for choosing the proper time and adds the following warning :—“ Ring¬ 
ing similar trees in midsummer not only fails to stimulate fruit-bud formation, but 
may Beriously weaken the tree and inhibit both growth and fruit production.” 

Physiological effects. 

Although absence of absolute knowledge of the exact function of the vessels of 
the phloem and of the outer wood under all circumstances precludes certainty on this 
point at present, the proper application of ringing must eventually be based on a more 
certain knowledge of the movement of assimilated foods in the stem. 

With slight variations the views of Kains, which are actually quoted by Barker 
and Lees 4 , may be taken as representative of the views of most workers in this field 

“ The theory of the operation is that the removal of a band of bark through the 
cortex and phloem of a plant, at the period of most vigorous growth, does not hinder 
the upward passage from the roots to the leaves of unassimilated sap through the 
outer layers of woody cells, but does prevent the distribution, through the vessels 
in the cortex and inner bark below the wound, of assimilated food. The effect of 
this action is to cause an extra amount of reserve material to be stored in the upper 
parts of the plant for the production of fruit buds.” 

Kains explains the appearance of sprouts below the wound as the endeavour of 
nature to provide assimilated food for the roots, owing to the passage of such food 
for the roots from the upper portion of the tree being cut off. 

Chandler 8 referring to its effect of the set of fruit writes as follows :— 

“ Ringing increases the amount of carbohydrates relative to nitrogen. Ringing 
may have other influences. There is the possibility that fruit setting is influenced 
by some organic nitrogenous compound ; that ringing, by preventing this from 
moving backward, increases the amount available for the young fruit.” 

Swarbrick 88 does not appear to be entirely satisfied with the present state of 
knowledge and writes as follows :— 

“ It is probable that in both ringing and defoliation, while the question of food is 
undoubtedly involved, we shall have to look into the more deeply seated physiological 
changes, particularly those that re-act upon the growing meristem cells of the cam¬ 
bium. 

In view of the production of almost similar types of cells as the result of both 
defoliation and ringing, it is obvious that we must look for some common factor that 
could be regarded as causal 
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It seems probable that the explanation will be found in a change in the nature and 
reaction of the fluids moving in the plant tissues such as Pearsall and Priestley 46 
suggest.” 

In the last ten years considerable work has been devoted to this study by 
Curtis 11 ’ 15 and by Mason and Masked. 37 ' 40 . 

The former 12 concludes from experiments on Apple, Ligustrum ovalifolium and 
Philadclphus pubescent, that in all probability there is normally no upward movement 
from the roots of foods stored in the roots and perhaps little or none from the main 
trunk. 

In 1922 lie 18 showed the effects of ringing on the upward transfer of nitrogen and 
ash constituents in the case of privet, peach and lilac. He found that a ring distinctly 
hinders the movement of nitrogen and ash constituents into the leaves above the 
ring, either when this is made in the spring before the leaves open and the new xylem 
is laid down, or when it is made in the summer after they have opened and the new 
xylem is partly or fully formed. He notes the possibility that the xylem tissues were 
injured by the treatments given and so prevented from carrying nutrients— if such 
be their iole- - but, granted this possibility, his data afford strong evidence for nutri¬ 
ents being carried chiefly in the phloem. 

Further experiments 14 published in 1925 enabled him to show that the plugging 
of the xylem in his earlier experiments could have been only partial and that partial 
plugging could not have fully accounted for the hindrance in solute movement observ¬ 
ed. 

He concludes :—“ It seems that solute movement, both upward and downward, 
occurs chiefly through the phloem tissues, and that this is hastened by streaming 
movements within the living cells.” 

Further evidence that the upward movement is chiefly through the phloem is 
given by him in 1929 16 , as also a clear indication that living cells take an active part 
in both upward and downward solute translocation. 

Mason and Maskell 37 ' 40 have been working on the exact method of transport and 
storage of carbohydrates and of nitrogen in the cotton plant and have found that 40 
whereas downward movement of both occurs in the bark, the vertical concentration 
gradients in the bark of total sugars and of organic crystalloid nitrogen are in oppo¬ 
site directions. The movement of carbohydrate is down a gradient of total sugars, 
while the movement of nitrogen is against a gradient of organic crystalloid nitrogen. 

That ringing may have disastrous results on the tree is well known. Thus, where 
complete ringing is practised, the greatest care must be taken that the wound is 
followed to heal and starvation is thus avoided. It is claimed for the “ spiral ” and 
“ Gardner ” methods that no such danger attaches to their methods. Unfortunately, 
despite the very great value of such experiments to commercial fruit-growing, no 
adequately controlled experiments have as yet been made to establish the truth of 
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this claim, nor to determine the comparative merits and demerits of the various 
systems. 


Subjects fob ringing. 

Again ringing is not applicable equally to all sorts of fruit trees. 

A case for its use in table grape growing and with the pome fruits under certain 
circumstances has been made. But until the passage of years and controlled experi¬ 
ments may have proved otherwise—and Seabrook 48 ' 80 seems to consider that this 
may well be—-the application of ringing to the stone fruits is strongly deprecated by 
both English and American authorities. 

Thus, Swarbrick 54 , writing in 1927, says “ The ringing of stone fruit is not re¬ 
commended. It has almost invariably proved fatal to the tree, due no doubt to the 
excessive gumming which follows wounding and the extreme readiness with which 
these trees are attacked by wound parasitic fungi”. The same authority 87 further 
writes :—“ For plums it is better to use a thick wire twisted tightly round the limb 
This gives a slower response, i.e., it may be 2 years before any effect is produced. 
Care must be taken to remove the wire in due course, else the branch will be complete¬ 
ly girdled and will die.under most conditions there is no neces¬ 

sity to ring plums, but rather the reverse. Plums crop best and most consistently 
when they are making plenty of shoot growth. Hinging of course always affects 
shoot growth adversely.” 

Howe 88 supports this conclusion, as also Gourley and Howlett 88 for American 
conditions :—“ It may be said that the stone fruits are not suitable subjects for ring¬ 
ing, because the wounds are not likely to heal satisfactorily in this climate and the 
need iB usually more rare.” 


General review. 

Opinions on the practice of ringing range from that of Chandler 8 “ Except with 
the grape, ringing has only small practical importance ” to that of Seabrook 48 :- 
“ Ringing appears to standardize all varieties of apples into spur-bearing habits, 
and, if found reliable, will remove most of the natural disparities peculiar to most 
varieties. The practice, at the moment, appears likely to revolutionise applo grow¬ 
ing in this country, if no unforeseen harmful effects appear.” 

Swarbrick 84 giving advice in the light of his experiments and observations 
writes:— 

“ Ring in g is but a temporary measure and in this sense has but limited applica¬ 
tion. 

In the case of permanent trees ringing should not be practised, unless sound 
cultural methods have failed to put the trees on a more permanent basis of fruiting 
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capacity. Before attempting ringing on a large scale it is advisable either to carry 
out a preliminary trial on a small scale or to obtain advice from the nearest horticul¬ 
tural research Station.” In short, ringing should only be practised under excep¬ 
tional circumstances and with a careful watch against evil consequences. 

Ringing is not suitable for forcing trees which are bearing normal amounts of fruit 
into excessive bearing, nor does it seem likely that its effect will be the same in the 
case of different varieties on seedling rootstocks, but it is certainly worth a trial given 
such conditions as obtain in the Wisbech area in England, a very rich soil, and 
apples showing great vegetative growth at the expense of fruit production. 

It is possible that the necessity for ringing may in the future be obviated by the 
adoption of such other practices as may ensure undelayed fruit formation under 
varying conditions of soil, etc. The standardization of rootstock material springs to 
the mind in this connection. Until such time, however, ringing in skilled hands may 
under certain given circumstances serve a most useful purpose. 

The writer wishes to thauk Dr. T. Swarbrick for his much appreciated help in 
compiling these notes. 
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INSECTS in relation to potato VIRUS DISEASES. 


BY 

KENNETH M. SMITH, D.Sc., Ph.D. 

Potato Virus Research Station, School of Agriculture, Cambridge, 

' (Reprinted from the Journal of the Min strst of Anri ullnre, XXXV1I-3, June 1030.) 

During the last decade, the attention of both plant and animal-pathologists 
has been attracted by the steadily increasing importance of a group of diseases, of 
unknown cause, which are referred to loosely as “ virus diseases.” These disorders 
attack a wide range of plants and animals, not excluding man; and they exhibit 
a number of points in common, justifying their inclusion in a group by themselves. 

Nature of Virus Diseases of Plants and how they differ from Bacterial 

or Funoal Diseases. 

1*1 It will be convenient here to examine a few characteristics of these virus diseases 
and see how they differ from maladies of known origin due to the attacks of harmful 
bacteria and fungi. In 1892, Iwanowsky discovered that the juice of a tobacco 
plant affected with the “ Mosaic ” disease could be passed through a porcelain filter 
and still retain its power of infecting healthy tobacco plants. This capacity of the 
infective principle to pass through a porcelain filter, the pores of which are too small 
to allow the passage of the causal organisms of bacterial and fungal diseases, is one 
of the chief characteristics of the virus, or ‘‘ filter-passing,” diseases. If, then, 
bacteria are referred to as “ the world of the infinitely small,” viruses may justly 
be termed “ the world of the infinitely smaller.” It has been said above that the 
cause of virus diseases is as yet undiscovered. This is partly because of the diffi¬ 
culties inherent in dealing with an entity which is too small to be seen by the most 
powerful microscope, and partly because it is not possible to cultivate any virus 
upon artificial media outside its plant or animal host, as can be done with the majority 
of fungi and bacteria. 

Most virus diseases are of an infectious nature and can easily be transmitted from 
a diseased organism to a healthy one. It is not necessary to labour this point in 
regard to the virus of animals that causes “ foot-and-mouth ” disease, the infectious 
nature of which is only too well known. Luckily for the agriculturist, the viruses 
of plants are not so easily disseminated, although they also can be very infectious 
to healthy plants, and may be spread rapidly in nature by methods which will be 
dealt with in a later paragraph. As already mentioned, viruses attack plants of 
all kinds, but it is in relation to the potato plant in particular that they will be con¬ 
sidered here. The virus, diseases of the potato have existed from very early times 
although their true nature was not recognized in those days. It has long been 
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known tha t a potato variety, if grown in one place year after year without change of 
“ seed,” gradually “ degenerates ” until it has to be replaced by a fresh stock or 
variety. It is now realized that such “ degeneration ” of the potato is due to con¬ 
tamination with one or more viruses, and not to mere continuous propagation from 
the same stock. There is probably no reason why a variety of potato should not 
be grown indefinitely from its own “ seed ” in one locality if the virus factor could 
be eliminated. 


Some Common Potato Virus Diseases. 

There are several virus diseases of the potato, but only those which occur com¬ 
monly, and are of economic importance, will be discussed here. The most wide¬ 
spread of them is undoubtedly that known as “ Mosaic,” the symptoms of which 
consist of a light and dark mottling of the leaf, sometimes accompanied by a slight 
puckering of the leaf-surface. The Mosaic virus is present in about 90 per cent, of 
the potato stocks of this country, and, in some varieties, it has become almost a 
varietal characteristic. A closely-allied disease, and one belonging to the “ Mosaic” 
group, is that known as “ Crinkle.” Here the symptoms of Mosaic are present in 
an intensified form ; the mottling is bolder, the leaf-surface is more puckered and 
the margins of the leaves are crinkled or waved. A third disease, also of the Mosaic 
type, is that known as “ Streak ”; this can be, and frequently is, of a most serious 
and deadly character. It resembles, perhaps, more than most virus disease;! do, 
certain maladies caused bv bacteria. Its symptoms take the form of numerous dark 
brown spots or lesions on the leaves, and may or may not develop into the form 
known as “ Leaf-Drop-Streak,” where the leaves shrivel up and drop down one 
after the other, finally bringing about the death of the plant. Streak is the most 
perplexing of all the potato virus diseases ; it is often found associated with either 
Mosaic or Crinkle, and its precise connexion with these two virus diseases has not. 
yet been determined. 

The last virus disease of the potato to be considered is of an eutirely different, 
type and, when it occurs in quantity, is the most serious from the agriculturist’s 
point of view. This disease is known as “ Leaf-Roll ” and is so-called because the 
leaves of an affected plant become harsh and leathery, and the leaflets roll up in a 
characteristic manner. A badly “ rolled ” plant is a pitiful object; it is small and 
stunted, and its leathery leaves rattle in the wind, while the yield of tubers from 
such plants is, as may be imagined, entirely negligible. All the viruses pass down 
tubers, and are thus carried on from year to year. 

Some Common Potato Insects and the Part plated by them in the Dissemina¬ 
tion of Potato Viruses. 

Mention has been made of the infectious nature of potato virus diseases and their 
spread to neighbouring healthy plants in the field How, then, can this be brought 
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about ? To consider artificial methods of transmission first, diseases of the Mosaic 
group can be transmitted from a diseased potato plant to a healthy one either by 
inoculation of the juice by needle scratch or by grafting a scion of a diseased plant 
on to a healthy stock. The Leaf-Roll virus on the other hand cannot be needle- 
inoculated from a diseased plant to a healthy one, but can be transmitted by graft¬ 
ing. Obviously, however, since these are artificial methods of spread, it cannot 
be by them that infection is disseminated in nature. There must be a third method, 
and a very efficient one, to account for the universal distribution of potato viruses. 
What is the counterpart in nature of the inoculating needle of the laboratory ? 
The answer to this question is that one or more of the insects which feed upon the 
potato plant, in so doing, transmit the infective principle or virus. There are many 
insects which normally live upon the potato plant, and it will be necessary briefly 
to consider these in their relation to the potato viruses. 

Insects can broadly be divided into two groups, according to their methods of 
feeding, viz., (1) those that eat the leaf substance and are known as “ bitiug ” 
insects, examples of which are caterpillars, beetles, etc., and (2) those that have no 
“ jaws ” in the accepted sense, but suck the plant sap by means of a hollow, needle¬ 
like proboscis, which is inserted into the plant tissue. These are known as “ suck¬ 
ing ” insects, and the best-known example of this class is the green-fly or aphis of 
the rose. Although biting insects may be found to transmit the virus diseases of 
other crops, it is with the latter class only that we are concerned in dealing with the 
viruses of the potato. 

There arc three main types of sucking insects which attack the potato plant: - 
(1) the green capsid bug, closely allied to the apple capsid, (2) the leaf-hopper, 
a small, active, black and yellow or pale green creature, and lastly (!i) the aphis or 
green-fly. The first problem, then, to be solved is which, if any, of these insects 
is capable of transmitting the virus ? Study of plant viruses and their insect- 
transmitting agents has revealed the interesting fact that there is usually one parti¬ 
cular species of insect that appears to possess an affinity for a particular plant virus, 
and this virus can be carried by no other insect. Careful experiments with all the 
sucking insects of the potato have revealed a state of affairs of this kind. The 
writer’s experiments have shown that one particular species of aphis possesses a 
marked affinity for several of the potato viruses, and will carry them from diseased 
to healthy plants with great efficiency ; this applies specially to the virus of Leaf- 
Roll. The other insects, such as the capsid bugs, leaf-hoppers, and the remaining 
species of aphides, have failed to transmit the diseases. It may be well to mention 
here that the mere feeding of the capsid bugs on the potato plant does eause some 
injury to it which shows itself in the destruction of the young shoots and the pro¬ 
duction of a “ shot-hole ” effect on the older leaves. This condition, known as 
“ stung ” in some parts of the country, is due to certain toxins in the insect’s saliva, 
but has no connexion with virus diseases. 
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The aphis referred to, known as Myzus persicm Sulz., is a small green species, 
smaller than that usually found on roses. Like other aphides, it occurs in both 
winged and wingless forms, the winged form being green with black markings. 
It can be recognized by the shape of the “ cornicles ” or “ siphons ” on the back, 
which are swollen at the ends. Unfortunately M. persicm is an exceedingly common 
insect; it is practically cosmopolitan, occuning over almost all the world, and it is 
able to feed upon very many plants of widely differing families This aphis is con¬ 
cerned also in the transmission of other plant viruses and is likely to develop into an 
insect of world-wide importance. It has been proved by the writer to transmit 
no less than five virus diseases of the potato. Both winged and wingless forms can 
carry infection, but the winged form, of course, is able to disseminate the virus 
over a wider field. 

What is the mechanism by which the virus is brought from diseased to healthy 
plants ? As already explained, the aphis feeds by thrusting its sucking beak into 
the plant tissue. This beak is provided with two channels, down one of which flows 
the insect’s saliva which mixes with the plant sap, and up the other, drawn by the 
action of a pharyngeal pump, flows a mixture of sap and saliva. Thus, it will be 
understood that an aphis which has sucked up some sap from a virus-infected plant 
and then moves on and feeds upon a healthy one acts as a kind of animated hypo¬ 
dermic needle, and injects the virus along with its saliva. 

This explanation is quite straightforward, so far as the Mosaic group of diseases 
is concerned, because it is known that these are transmissible by the needle. It is 
not quite so clear, however, with Leaf-Boll, a disease which cannot be transmitted 
by needle, but is very easily transmitted by M. persicm. Here is a case where there 
may possibly be some essential connexion between the Leaf-Roll virus and its insect 
carrier. It may be that the virus undergoes some slight modification within the body 
of the aphis, and that this must happen before the \irus can become infective to 
a new plant. In this connexion the following points, which have been disclosed 
by recent experiments, are of interest. It has been found that M. persica which 
has been feeding for some days upon a potato plant affected with Leaf-Roll, if 
allowed to feed for two hours upon a healthy potato plant, will transmit the virus 
in that time, the plant developing symptoms, undei glass-house conditions, ten to 
fourteen days later. Conversely, M. persicm from a cabbage or some such immune 
and thus non-infective plant will pick up the Leaf-Roll virus from a diseased potato 
plant in six hours. The whole process of infection of aphis and healthy plant, how¬ 
ever, cannot be performed in eight hours. There seems to be a minimum period 
of about 64 hours before the non-infective aphis can become infective to a healthy 
plant. This may mean that there is some relationship between the virus and its 
insect carrier, or it may merely be the time necessary for the virus to travel round 
the body of the insect and return vid the salivary juices. Further investigation 
of this point is necessary before any dogmatic statement can be made. The practical 
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point arising, however, is that M. persicce can infect a healthy potato plant with 
Leaf-Roll after feeding for only a very short time. 

It has been shown that healthy potato plants may become infected in the field 
with virus diseases brought to them by the aphis, M. persicce, from neighbouring 
diseased plants. There exists, however, another opportunity for infection which 
should not be overlooked. Besides feeding on the growing plant in the field, M. 
persicce is also a sprout-infesting aphis, and is often found feeding upon the shoots of 
“ seed ” tubers in the sprouting trays. By feeding infective aphides upon the shoots 
of known healthy tubers in February, the writer has produced a crop of badly 
“ rolled ” plants at the end of March. The plants in this case were grown in a glass¬ 
house, but the effect would have been the same, though delayed, if they had been 
planted in the field. Thus it is possible for the virus to become distributed to a 
considerable extent among the sprouted tubers, and for healthy “ seed ” tubers to 
become infected before they are planted in the ground. 

Plant “ Carriers ” of Virus Disease and Sources of Infection in Nature. 

The investigator working upon virus diseases of the potato is seriously handi¬ 
capped by the existence of certain varieties of potato which behave abnormally 
in their reactions to virus diseases and which may be termed “ carriers.” Put 
briefly, this means that these potato plants, although outwardly perfectly normal 
and healthy, yet carry in their sap one or more potato viruses. That is to say, the 
virus exists in a quiescent yet infective condition within the “ carrier ” plant, which 
itself exhibits no disease symptoms. If a scion from such a plant be grafted on a 
healthy plant of another and susceptible variety, the disease develops in the latter, 
although the scion continues to show no symptoms. Parallel cases of “ carrying ” 
may be quoted in certain diseases of man : typhoid, for example, though of nyero- 
bic origin and not due to a virus, is sometimes carried by a person who, himself 
healthy, is capable of infecting other and susceptible persons. Here, then, is a 
very serious complication for the potato virus worker, who must first of all discover 
whether his potato plants are free from hidden viruses before any scientific studies 
can be made. Apart from this, however, the existence of these plant “ carriers ” 
is of practical importance. It is quite possible that such potato plants may act as 
reservoirs of infection in nature, from which the aphis can transmit disease to neigh¬ 
bouring healthy but susceptible varieties. In the present state of knowledge of this 
subject, however, it is not possible to state exactly to what extent the aphis can 
infect susceptible potato varieties from “ carrier ” plants. Should infection be 
carried in this manner—and experiments are under way to determine the point—it 
will be a matter of great importance. In the future it may be proved to be as bad 
agricultural practice to grow certain varieties of potato in close pro ximit y as it is 
known at the present moment to be to grow wart-susceptible potatoes in wart- 
infected soil. 
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It should be realized that a “ carrier 99 plant is quite a different thing from an 
“ immune 99 one. The potato varieties which are really immune from wart disease, 
for example, do not take the disease at all, and the wart organism cannot live within 
them. In a virus carrier, however, the plant has the infective principle within 
itself, but, for some reason, is tolerant of it and shows no unusual symptoms. 
Such a plant though “ carrying ” one virus is quite likely to be susceptible to or in¬ 
tolerant of another. The virus most frequently “ carried ” is that which produces 
“ Streak,” and a well-known Streak-carrying variety is “ Up-to-Date but thiB 
variety can be infected by, and show symptoms of, both Mosaic and Leaf-Boll. 

So far, no potato variety is known which is immune from virus diseases, though 
there exists a wide range of difference in varietal susceptibility and in reaction to the 
different diseases. Recent work at Cambridge has revealed the existence of re¬ 
servoirs of virus infection other than the potato itself. It has been found, for 
example, that the common Solanacoous weed, Black Nightshade (Solatium nigrum ), 
is not only frequently infected with certain potato viruses, but is an almost perfect 
“ carrier ” of such viruses, exhibiting no symptoms other than a faint mottling of 
the leaves which disappears with the continued growth of the plant. Again, the 
Black Nightshade is a common host of the virus-carrying aphis M . persiccp , so that 
all conditions necessary for the transmission of infection are fulfilled. Experiment 
has proved that in this c*is<', at least, the aphis can triuismit infection from a 
“ carrier ” plant to healthy, susceptible varieties of potato. In the glass-house 
some individuals of M. persicw were colonized upon a plant of Black Nightshade 
suspected of harbouring a virus ; after a few days’ feeding they were transferred to 
healthy potato plants, var. “ President.” In about ten days the “ President ” 
plants developed a very serious disease the symptoms of which took the form of a 
severe crinkling of the uppermost leaves, together with Streak in its leaf-drop 
form. The experiments were then repeated, but this time M . persiccv was collect¬ 
ed, together with other species of aphis, from various Black Nightshade plants 
growing among a potato crop nearby. The aphides were then transferred, as before, 
to healthy potato plants. In nearly every case the potatoes colonized with M. 
persicce developed the Crinkle and Leaf-Drop disease, while in every case the pota¬ 
toes colonized with the other species of aphis from the same Black Nightshade plants 
remained healthy. In one instance a single, winged female of M. persiem, trans¬ 
ferred from a Black Nightshade plant in the field to a healthy potato plant, was 
sufficient to infect the latter with the Crinkle and Streak disease and render it entire¬ 
ly useless for tuber production. 

The degree of importance which attaches to this discovery depends to a certain 
extent upon two points. Firstly, is Black Nightshade capable of acting as a bien¬ 
nial weed, and, secondly, is the virus carried by the seed ? Either of these factors 
would ensure the retention of the virus until the following year. The Black Night¬ 
shade must first itself become infected by the aphis from a virus-infected potato 
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before it can act as a reservoir of infection. Although the fact of such virus-carry¬ 
ing weeds growing in the midst of an already infected potato crop is important, yet 
it is obviously more important if a new and possibly virus-free crop of potatoes should 
be planted the following year among or even close to numbers of virus-carrying weeds. 
There is little doubt that Black Nightshade does act as a biennial weed; it also 
seems to produce fresh plants from pieces of root-stock left in the ground over winter, 
and such plants would, of course, contain the virus, for it is present in every part 
of the plant. The question of transmission through the seed is more doubtful, as 
plant viruses are not often transmitted in this manner. 

It is thought that one of the chief reasons for the comparative freedom of much 
Scottish “ seed ” from virus disease is the scarcity of the aphis carrier in that country. 
Therefore, if stocks of virus-free tubers could be raised in England under insect-free 
conditions, there seems little reason why they should not be equally as good as 
Scottish “ seed.” Large stocks of virus-free potatoes are accordingly being raised 
under insect-proof conditions at the potato virus station at Cambridge by Dr. R. 
N. Salaman, and if these can be propagated further, on a commercial scale in Eng¬ 
lish localities, under conditions where infection cannot occur or is at any rate reduced 
to a minimum, the problem of supplying English growers with satisfactory home¬ 
grown “ seed ” will be solved. 

As regards prevention of infestation of the sprouting tubers in the seed trays by 
M. pmica , it is well worth while to fumigate the store or shed containing the trays 
twice a week. This can easily be done by heating a small quantity of pure nicotine 
in a metal saucer on a tripod over a spirit lamp. As regards the elimination of 
diseased plants in the field, something may be done by “ roguing ” out affected 
plants as soon as symptoms appear. This method, however, is practicable only 
with a virus disease like Leaf-Roll, where the symptoms are obvious and easily 
recognizable, and where the complications of “ carriers ” with suppression of symp¬ 
toms are less likely to occur. 

It will be realized, even from such a brief article as this, that the potato virus 
problem is a complicated and important one, and that its solution is yet far to seek. 



PRESENT POSITION IN REGARD TO THE CONTROL OF 
PRICKLY PEAR (OPUNTIA DILLENII HAW.) IN CEYLON BY THE 
INTRODUCED COCHINEAL INSECT DACTYLOPIUS TOMENTOSUS, 
LAMK. 

{The following is the summary appended to the article under the above title by Mr. F.P. 

Jepson, M.A., Assistant Entomologist, Department of Agriculture, Ceylon, 

published in The Tropical Agriculturist, Vol. LXXV, No. 2, August 1930.) 

1. Dactylopius tomentosus was introduced into Ceylon, through the agency of 
the Australian Commonwealth Prickly-pear Board in August 1924 for the purpose 
of controlling Opuntia diUenii, a species of prickly-pear which had taken posses¬ 
sion of a large tract of country in the north of the Island. 

2. The two common pest pears in Ceylon are Opuntia diUenii, chiefly preval' 
ent in the north, and 0. monocantha more common in the south. The latter has 
been under control in Ceylon for many years by the wild cochineal insect Dacty¬ 
lopius indicus, believed to have been derived from Madras about the middle of last 
century. This species is not a parasite of 0. monocantha. The essential differ¬ 
ences between these two species of Opuntia are mentioned. 

3. The introduced parasites were acclimatised at Peradeniya and propaga¬ 
tion was continued until sufficient material was available for distribution. 

4. The first cultures were liberated in March 1925 at Fort Frederick, Trincoraa- 
lee, where a large area of pear scrub was cleared in eighteen months. Further 
distribution in this district was also successful. At the present time only occa¬ 
sional isolated plants are to be seen and the large ones are infested by the parasite. 

5. The insect was established on the island of Delft in April 1926 after several 
unsuccessful attempts extending over one year. The spread was rapid and by 
April 1928 colonies were to be found all over the Island. 

6. In June 1925 the insect became established at Jaffna and the local supply 
of the parasite was augmented, periodically, from Peradeniya and also from Trin- 
comalce. Extensive distribution has been made in the Jaffna peninsula, all the 
principal centres having received supplies of infested material. The experiment 
has been most successful in this region and the pear has been completely elimina¬ 
ted from certain areas. Land which was previously occupied by Opuntia scrub, 
6-10 feet high, is now under cultivation. 

7. The Mannar supplies of the parasite were obtained from Trincomalee in 
October 1926 and successful establishment was effected at Mannar town and Pesa- 
lai. The results of the introduction to this quarter are particularly striking at 
Pesalai where a large area of land has been reclaimed from the pear. There is 
scope for considerable extension of the work of distribution in other districts of 
this island where the pear is of particularly vigorous growth. 
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8. Distribution to certain other centres has failed owing to the prevalent 
pear in these localities being 0. monocantha and not 0. diUenii. The importance 
of recognising the difference between these two species is emphasised. 

9. Cultures from Peradeniya have been forwarded to, and established in, Mau¬ 
ritius and South India. An area of 40,000 square miles is said to have been already 
reclaimed from this weed in the Madras Presidency entirely by the agency of this 
insect, and an area nearly three times this size is expected to be cleared in ten years’ 
time. A large extent of country has now been made available for cultivation for the 
first time for many years. Land valued at a lakh of rupees has been freed of pear 
in the Tuticorin district alone. 

10. In conclusion, it is considered that this introduction has been amply justified 
by the results obtained. The necessity for aiding the parasite by disposing of iso¬ 
lated leaves which appear in the cleared areas is apparent in Mannar, Jaffna and 
Trincomalee and the attention of agricultural officers, in the districts concerned, 
to this important matter is required. Another important point which should be 
impressed upon the cultivators in the districts where the insect has been established 
is that they have nothing to fear from this introduction so far as their crops are con¬ 
cerned. The difference between this beneficial Coccid and the injurious tjpes re¬ 
quires to be pointed out to them as unless their complete confidence in the utility 
of the campaign can be secured, and maintained, there is a danger of much valuable 
land again reverting to pear scrub in certain districts of the Island. 
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POKKAH BOENG DISEASE OF SUGARCANE. 

(Ue t »rintei3 from the Report of the Port) Rho Ajri ultur il Experiment Station 1 1928.) 

The sugarcane disease known as “ pokkah boeng ”* which is common in Java 
and in Louisiana, Cuba, and Hawaii, especially on recently introduced Java seedlings, 
was observed at the station in January, 1927, on a hybrid produced by crossing 
P. 0. J. 2725 and S. C. 12/4. 

The symptoms of the disease in Porto Rico agree in certain respects with descrip¬ 
tions of those occurring in Java and Cuba. Chlorotic spots on the leaves, usually 
near the base, are said to be the earliest symptom. These spots are apparent on 
unrolling leaves and are not developed on expanded leaves. In some instances 
wrinkling of the chlorotic areas occurs ; in others, there is no distortion, and in yet 
other instances conspicuous wrinkling occurs on otherwise apparently normal green 
tissue. Tn some instances a chlorotic wrinkled area may appear near the base of a 
leaf and on the succeeding leaf a wrinkling of similar pattern may appear about half 
way between the base and the tip, whereas in the second succeeding leaf the wrink¬ 
ling may appear near the tip. The position of the wrinkled areas indicates that the 
wrinkling occurred while those areas were in close contact in the leaf spindle. 

The chlorotic areas usually show red or reddish-brown spots or streaks soon after 
the leaf unrolls. In Java and Cuba a further stage of the disease is said to be a top 
rot. In Java the infection is reported to extend into the stalk below the growing 
point, where it causes cavities and strands of reddish tissues which are crossed by 
dark bands, producing a ladder like appearance. These latter symptoms have not 
been observed in Porto Rico. 

The, varii ties on which the chlorotic spots most frequently appear are the Java 
canes produced by crosses between P. 0. J. 2304 and E. K. 28, and on crosses between 
the progeny of this cross and other varieties. Among the progeny of the P. 0. J. 
2364 and E. K. 28 cross, the varieties P. 0. J. 2725, P. 0. J. 2714, I\ 0. J*. 2878, 
and others are susceptible. Of these, the P. 0. J. 2878 seems to be the most fre¬ 
quently affected. Crosses between P. 0. J. 2725 and S. C. 12/4 are very frequently 
affected. The stool on which the disease was first noticed, carried in the station 
records as J. S. C. 363, showed the chlorotic spots more conspicuously than did 
either P. 0. J. 2725 or P. 0. J. 2878. A number of other seedlings produced by the 
station and by the Fajardo Sugar Co. produced leaves similarly affected. Other 
varieties occasionally produced leaves with slightly chlorotic Bpots, but no distortion 
has been observed. 

The effect of the disease on the cane is problematical. At the station a planting 
of P. 0. J. 2878 made in March, 1927, began to show chlorotic spots in June of the 
same year. The cane continued to make apparently normal growth to maturity. 

* Javanese words signifying “ damaged top,” 
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Ratoons from these stools showed no abnormalities until they reached a height of 
4 to 5 feet. They, too, then began to produce occasional leaves showing the typical 
ohlorotio area near the base. These ratoons are now mature. No cases of top rot 
have occurred, and, so far as it can be determined, the cane has not been injured. 

The first planting of P. 0. J. 2878 for commercial purposes was made by the 
Coloso Sugar Co. near Aguadilla. The cane was being propagated continuously, 
and the planting contained stools of various heights ranging from a few inches to 9 
or 10 feet. Each stool was examined carefully for evidences of infection. The 
planting contained 685 stools, of which 73 were found to have a chlorotic area at the 
base of one or more leaves. In 12 instances reddish-brown discolorations were ob¬ 
served in the chlorotic areas, usually being accompanied by splitting of the tissue. 

In the planting 33 cases of top rot (dead growing point) were found. Of these> 
25 occurred among very young canes and were caused by insect pests, usually the 
mole cricket and in a few instances the moth borer. The insects had fed upon the 
young leaves in the leaf spindle or the growing point. Of the eight cases found 
among older canes, five were caused by the moth borer and three were due to some 
undetermined cause. Of the latter, two occurred on stalks which showed no evi¬ 
dence of “ pokkah boeng.” The third occurred on a stalk having three leaves with 
ohlorotic markings. 

Very young stools less than two feet tall showed no disease. Symptoms were 
observed on six stools two to three feet high, five stools four to five feet high, three 
stools six to seven feet high, and 59 stools eight to ten feet high. 

Among the stools two to three feet tall only traces of ohlorotic areas could be 
seen. The distribution of the entire population into the different height classes was 
not made, but the class two to three feet tall appeared to be the largest. , 

The above observations were made following a season of abnormally wet wea¬ 
ther which would appear to favour infections. Of interest in this connection was 
the appearance of a red stripe disease, probably bacterial in nature, on the emerging 
leaves on four stalks. The latter disease is probably identical with one previously 
observed on B. H. 10/12. 

Small plantings of P. 0. J. 2878 have been made in many sections. Visits were 
made by the Plant Pathologist to some of the oldest of these at Santa Rita, Fortuna, 
Central Mercedita, Aguirre, Caguas, Humacao and Fajardo. At each place cane 
eight feet or more in height was growing. In every instance some chlorotic leaf bases 
could be found. No cases of top rot were seen, and no evidence could be obtained 
that any had ever occurred. The plantings of this variety were being watched with 
much interest, and it is unlikely therefore that a dead top would have escaped notioe. 

Isolations from the reddish discoloured tissue from chlorotic spots yielded two 
Fusarium strains. Fusaria were present in about 90 per cent, of the approximately 
200 platings examined. The two strains were obtained in almost equal numbers. 
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Since the chlorotic areas are reported to be the earliest symptom of invasion, it 
was considered probable that the causal organism might be obtained from young 
chlorotic spots with most certainty. Accordingly, more than 200 platings of young 
spots showing no reddish or brownish discolorations were made. The tissues plated 
were obtained from the varieties P. 0. J. 2878, F. C. 933, F. C. 915, F. C. 937, B. 417, 
andM. P. R. 14. The plantings from which the leaves were obtained were located 
at Maya-guez, Santa Rita, Fajardo, Central Mercedita, Humacao, Caguas and 
Fortuna. In no instance was a Fusarium obtained. 

At the same time nearly 50 pieces of tissue of P. 0. J. 2878 showing discolora¬ 
tion were plated, and Fusaria were obtained from 93 per cent. 

Inoculation experiments have shown that the Fusaria are very weak parasites 
capable of causing only insignificant lesions even when placed on the wounded central 
roll of young leaves and kept constantly wet. No traces of chlorotic spots resulted. 
Inoculations of cuttings by injections of suspensions of the fungi failed to produce 
the disease in the daughter plants, or to effect the germination of the cuttings. 
Efforts to transmit the disease by planting cuttings from diseased stalks were not 
successful. The investigations are being continued. 



STRIPPING OF SUGARCANE FOR LIGHT AND AIR. 


BY 

ARTHUR H. ROSENFELD, 

Consulting Technologist, American Sugarcane League. 

(Reprinted from FacU about Sugar , Vol. XXV, No. 26, p. 702). 

The abandonment of the process of trashing or stripping so much in vogue in an 
earlier day, which process aimed at the same admission of light and air now put 
forth by some advocates of wide spacing of sugarcane, ought in itself to be sufficient 
repudiation of such recommendations. In the first decade of the present century 
this expensive practice was practically universal in such progressive sugar-producing 
countries as Hawaii, Porto Rico and Queensland, and one of the most useful ac¬ 
complishments of the experiment stations of those countries has been the demons¬ 
tration not only of the uselessness of the methods of admitting light and air to a 
plant which stands in no need of such large quantities of those elements for the stalks 
and lower leaves but of the actual damages caused by this process and the financial 
losses which it has exacted. We should never forget that the stalks of sugarcane 
are nothing more than the warehouses of the plants wherein the products elabora¬ 
ted by the chemical laboratories of the leaves are stored up and that no amount 
of exposure of these warehouses to light and air is going to change the composition 
of the products stored therein. The amount—the surface exposure - -of light and air 
over an acre of cane is exactly the same whether the cane is planted in rows three feet 
apart or in holes twelve feet apart and as the processes incident to the conversion 
in the leaves of the plant food of air and soil into the sugars which we dgsire to 
harvest are carried out largely in the newer and upper leaves there would seem to 
be no good reason for going to the expense of admitting more light and air to those 
'parts of the growing plants which do not require them in such abundance, to say 
nothing of the actual damage that was frequently caused when this process of strip¬ 
ping was employed by injuries to the cane through the plucking of leaves still per¬ 
forming their laboratory duties. 

Eokhart in three exhaustive series of experiments at the Sugar Planters’ Experi¬ 
ment Station in Hawaii, the result of which are set forth in Bulletins 16 and 26 of 
that station, thoroughly demonstrated the uselessness and financial loss from strip¬ 
ping in Hawaii, finding that the percentage of sucrose was higher in the juic$ of the 
unstripped canes, that the unstripped canes gave considerably higher tonnage yield 
in the field than the stripped canes, and that at harvest time there were alwajB con¬ 
siderably more dead canes in the stripped than in the unstripped canes. In other 
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words, stripping was not only not advantageous to the cane but on the contrary was 
definitely detrimental. Since the publication of Eckhart’s experiments, stripping 
in Hawaii has been practically abandoned. 

Crawley [1915], who had had experience in Hawaii before establishing the In¬ 
sular Exp eriment Station in Porto Rico, carried out a number of stripping experi¬ 
ments at tiie Porto Rican Station from 1912 to 1914, and concluded that the results 
“ would seem sufficient to show that stripping cane under conditions that obtained 
here is a waste of time and money.” Guanica Centrale, about the same time, con¬ 
ducted several experiments in the San German Valley, where at that time it was the 
general custom to strip all cane, to determine the results of stripping from a sucrose 
and purity standpoint. In each of these experiments it was found that the juice 
from the unstripped cane was higher in sucrose and purity than from the cane that 
had been stripped. In a letter received from the management, it was stated— 

“ We do not believe that any benefit is derived from the stripping of cane, and are 
convinced that a good deal of injury may be caused to the cane by the injudicious 

tearing off of the green and partly dried leaves. We some years ago 

issued a standing order that this work was to be discontinued on all our properties, 
and I am sure that we have lost nothing by so doing. On the contrary, we have 
saved an annual expenditure of an average of about $2-00 per acre, the price usually 
paid for this class of work, over a total of about 15,000 acres in cultivation by this 
company, or a total of $30,000 per annum.” 

This letter is but indicative of the general abandonment in Porto Rico of the pro¬ 
cess of “ admitting light and air ” through stripping. 

Another interesting case in this regard is that of Queensland, whose sugar planters 
main protest against the much discussed “ white Australia ” legislation was based 
on the ground that white men were incapable of carrying on the onerous and neces¬ 
sary work of stripping the cane. It was found, however, that the abandonment 
of this process not only failed to lower the yields of cane and sugar per acre, but 
saved the sugar men a considerable sum which they had until then been spending 
in an entirely useless and largely ornamental system. 

Reference. 

Crawley (1915). Miscellaneous Papers on Cane; Expt. Sta. of Bd. of Commis¬ 
sioners of Agric. of Porto Rico, Bull. 8. 




SOILS AND FERTILIZERS IN SOUTH AFRICA*. 

BY 

SIR FREDERICK KEEBLE, C.B.E., F.R.S. 

(Reprinted from Nature , dated 13th September, 1930.) 

The problems of South African agriculture which await solution fall into two 
groups—those of arable and those of grassland. Of the two, the problems of grass¬ 
land are potentially of greater importance. 

Grassland. 

The grasslands of South Africa are poor and barren. Over vast areas the scant 
herbage serves scarcely to cover the ground even during the growing season. It 
turns brown and grows yet scarcer during the dry season. There are green hills in 
Natal and green pastures, and even in regions of low rainfall after summer showers 
the brown herbage grows green again. There are large areas of grassland in which 
the spring herbage is luxuriant and nutritious, but as spring advances the feeding 
value of the grass declines and cattle have often to submit and succumb to condi¬ 
tions of starvation. 

It seems to be universally assumed that this state of affairs is due to lack of water 
and that it can best be remedied by introducing from other countries grasses of 
greater powers of resistance to drought. Much work of great interest along these 
lines, both on irrigated and non-irrigated land, has been done in South Africa, parti¬ 
cularly by Dr. Pole-Evans at Pretoria. He has shown that it is possible to establish 
many grasses from other parts of the world and to obtain large amounts of food for 
stock from them. But the suggestion whioh has now to be made casts doubt upon 
this method as being the most important means of rejuvenating the pastures of South 
Africa. This suggestion is that many of the troubles attributed to drought are more 
properly to be ascribed to mineral deficiency. The hunger of the soil for phosphates 
is only one symptom, albeit a most important symptom, of these deficiencies. The 
land, or much of it, also lacks lime, and although the lack is well known, little is 
being done to remedy it. Yet lack of lime may prove to be a limiting factor of 
yield on both afable and grassland. Many officials maintain that the addition of 
lime depresses yield, and fail to consider that this in itself may be a passing symptom 
of a deep-seated trouble and want. It is encouraging therefore to report that both 
in Natal (Cedara) and in Rhodesia (Salisbury) experiments are now being carried 
out which point to benefits from liming. 

•From a paper read before Section If (Agriculture) of the British Association at Bristol on Sept¬ 
ember 8 , 1990 . 
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With an insufficiency of lime and phosphates in the soils the herbage must per¬ 
force be deficient in these essential materials ; the yellow or pale green colour of the 
grass betokens that it laoks nitrogen ; and it is certain that there are also deficiencies 
in potash. What other deficiencies there are of other more obscure elements which 
may prove to be important only further research will show. 

It is suggested that all these deficiencies have been brought about by simple 
cosmic processes. 

South Africa is the, stem of a funnel, the mouth of which is the equator. Of all 
that teeming life bred in the warmth and moisture of the tropics there must from time 
to time, as bees swarm, have migrated hordes of all kinds of animals. Debarred by 
the desert from invading the north, these migrant hordes have gone ever southward. 
Sometimes the grasslands which these migrants invaded were lush with spring 
grass and sufficed to feed the beasts; but at other times when the sun was fierce 
in summer and the growth of grass stood still, there was lack of herbage. Thus 
pushed by hunger, the herbivora grazed the pasture bare to the bone. The grass 
overgrazed became worn and thin. Like a garment too much used, the herbage 
became rent, and through the rents rains, often of torrential violence, pierced and 
swept away the Boil, aggravating the effects of over-grazing. So the vicious circle 
was completed and remains complete to the constant impoverishment of South 
African soils. 

Any traveller in the Union may see the rivers leap to life in the rains which attack 
the earth, carve it out and bear it away, and run red with the soil washed from the 
land. He may likewise see in the veldt-burning practised by farmers yet another 
aid to soil impoverishment: for though burning brings young and sweet and early 
grass, the partial sterilization of the soil which it produces releases the little store 
of hardly won organic nitrogen which is absorbed greedily by the young grass in the 
flush of its spring growth. The soil is soon depleted, so that long before drought 
imposes its veto, growth wanes and the veldt becomes brown and bare and barren. 
Flocks and herds are decimated, and the patient farmer praying for rain fails to rea¬ 
lize that he himself offered them as a burnt-offering to the god of ignorance. 

Under these conditions of over-grazing and erosion an age-long struggle for exist¬ 
ence must have waged among the plants of South African grassland, and the strug¬ 
gle must have been of ever-increasing intensity as the soil became more and more 
depleted of its mineral contents and its nitrogen compounds. In this struggle 
those grassland plants with larger requirements of minerals and of nitrogen were the 
first to suocumb. They ceased to be members of the grassland community but 
retiring from the unequal struggle, continue to survive here and there in those fa¬ 
voured mineral oases wherein their larger mode of life finds satisfaction. The strug¬ 
gle is still going on, and now only the most niggardly of the plants, mean in what 
they get and what they give, survive. Except for a brief period in the flush of 
spring they yield but little sustenance to the animals which graze upon them. 
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If this picture of the evolution of the grassland of South Africa be true, conclu¬ 
sions of fundamental importance follow. The first of these conclusions is that the 
restoration of South African pastures is possible. The second conclusion is that the 
way of improvement lies in the restoration to the soil of conditions under which 
plants of larger requirements and higher nutritive value may live. The third con¬ 
clusion is that the picture of the decadence of grassland in South Africa, although 
more vivid, is none the less identical with the, albeit more drab, picture presented 
by the world as a whole. The factor which has determined the trend of evolution 
in this as well as in earlier geological epochs is the. decreasing supply of minerals 
stored in the grasslands and arable fields of the world. 

Deficiency of nutritiveness of the plants of arable crops means deficiency of 
nutrition in man and beast, which in turn means disease, and it may be that the wealth 
of animal diseases which Africa possesses is but another symptom of the gradually 
lowered vitality of living things due to gradual deorcase in the supply of essential 
minerals. 

If this be true, then in grassland management with its insistence on the restora¬ 
tion of minerals there arc means of arresting the downward trend of evolution, or 
at least of slowing down the rate at which nitrogen and phosphorus escape, the one 
into space, the other into the abysms of the ocean. 

Whether these large conjectures prove true or no, the first two conclusions re¬ 
quire brief consideration. If it be true that a restoration of minerals to the soil 
brings about a return of plants of good grazing value, we shall have a most important 
vindication of intensive grassland management. For the general principle under¬ 
lying the intensive management of grassland is that conditions may be provided 
wherein more nutritive native and introduced plants will flourish. That it will 
prove possible to transform the grassland of South Africa is rendered probable by 
the remarkable results which Mr. T. I). Hall’s small-scale experiments on grassland 
in different parts of South Africa have already achieved. 

These experiments show:— 

(1) That grassland in South Africa responds in an almost magical way to 

nitrogen. 

(2) That the relation between nitrogen and phosphates which obtains in grass¬ 

land is the reciprocal of that which obtains on arable land. Though 
a dressing of phosphates adds but little growth to that produced by a 
single dressing of nitrogen, a dressing of phosphates added to double 
dressing of nitrogen brings about a marked increase. The explanation 
would appear to be that the grassland plants surviving to-day are able 
to extract even from the impoverished soil just enough phosphates to 
live on; but in that grassland there is not enough nitrogen to go round, 
find so growth languishes until additional nitrogen is supplied. Addi- 



SOILS AND FEBTHJZKBS IN SOUTH A7BI0A 


75 


tion of more nitrogen produces little effect. Addition of more phosphates 
as veil as more nitrogen gives rise to a further increase in growth. 

(3) The treatment of grass with a complete fertilizer together with lime gives 
the largest response. 

These experiments suggest the conclusion that a brilliant future awaits South 
African grassland. It is even safer to conclude from them that our knowledge 
of the proper fertilizer treatment ot grassland is only just emerging irom the empirical 
into the scientific stago, and that the investigation of the nitrogen-phosphate balance 
with potash in attendance will lead to the discovery that grass can be made far 
more productive than is at present supposed. 

The opinion that grass will play an important part in the future of South African 
agriculture is reinforced when South African rainfall is considered. Much of South 
Africa is a land of summer rainfall. Grass is the opportunist among plants; it 
grows during growing weather and dies down when conditions are unfavourable 
to growth. A drought may cut off an arable crop in its prime, but it can rarely 
do more than check the growth of grass. Experiments now being conducted in Natal, 
at the C edara School of Agriculture, lend confirmation to the view that grassland in 
South Africa will respond to intensive management no less readily than the grass¬ 
land in Great Britain. Mr. R. A. Fisher’s experiments show that even a grass 
(Pas/>ttlttftt sp.) reputed by farmers to be of low grazing value, responds to fertilizers 
so remarkably as to produce enough food during the grazing season to enable one 
cow to yield 1,000 gallons of milk. 

One more suggestion may be made with respect to nitrogen on grassland. Owing 
to the intensity ol the struggle for existence, grassland plants must always be hungry 
for nitrogen. Such nitrogen as grassland contains, and for which the plants have 
perforce to scramble, is derived from the breaking down of organio nitrogen com¬ 
pounds. The breaking down proceeds by orderly stages until compounds of am¬ 
monium are formed. The nitrifying bacteria then convert the ammonia first 
into nitrites and then into nitrates. It is usually believed that all plants of grass¬ 
land, hungry as they are for nitrogen, wait passively until nitrate is formed before 
they attempt to supply their wants. It would seem more likely, however, that with 
capacities sharpened by the struggle, there would emerge from among some of 
the grasses the capacity to absorb nitrogen in the form of ammonia, or even in or¬ 
ganio form, and such plants would be victorious in the struggle for existence. It 
may therefore be predicted that amongst grassland plants, some at all events may 
be found whioh possess the power of obtaining nitrogen in the form of ammonia, 
and it may prove that the grass family is distinguished from other plants by this 
capacity. 

The diootyledons, including the common weeds of pastures, can obtain nitrogen 
only in the form of nitrates, and to them ammonium compounds are poison. But 
the grass plants are able to utilize and thrive on the nitrogen obtained in the form of 



T6 


AOMCOLTUM AND UVX-8TOOK IN INDIA 


[I»I. 


ammonia. Two facts support these suggestions. The first is that sulphate of am¬ 
monia and ammonium phosphates have a lethal effect upon the common weeds 
ot grassland ; the second, that sulphate of ammonia is at least the equal of nitrate 
nitrogen in calling forth the growth of grassland in spring. This equality is difficult 
to explain if the common view be accepted that before ammonia can be utilized by 
the plants it must first be converted into nitrates. 

The power of sulphate of ammonia to evoke early growth of grass would be self- 
evident were it to be proved that ammonium compounds are the proper nitrogenous 
food for grass, and, needless to say, such proof should be of great value. Of no less 
value should be the proof, it it can be obtained, that ammonium phosphate 
is the right fertilizer to use on a plant which respond. 0 markedly to a proper balance 
of nitrogenous and phosphatic fertilizers. 

Arable Land. 

The arable crops ot South Africa are poor. The yield of maize in the Union 
is on the average three bags to the acre, that is, about one-third of a crop even when 
measured by American standards. Poor cultivation is in part responsible for low 
yields, far more so indeed than seems to be realized in South Africa. Other limiting 
factors are water and phosphatic deficiency, and it is a general obsession in South 
Africa that most of the agricultural troubles from which that country suffers are due 
to lack of water. Science should aid effectively in curing this obsession. It has al¬ 
ready shown that, in spite of low rainfall, crops can be produced if the deficiency 
of the soil in phosphates be made good. But even after applications of phosphates 
the crop remains small, and the expert attributes the low yield to insufficiency of 
water. In this he is partly, albeit only partly, right. When lie adds nitrogen on 
the top of his phosphates the result is often disappointing, and he draws the conclu¬ 
sion that nitrogen, by encouraging the growth of leaf and stem and thereby increasing 
the loss of water from the plant by transpiration, does more harm than good by 
making the limited amount of water in the soil still more insufficient. For this 
reason the expert and the farmer avoid using nitrogen. Sometimes an additional 
reason is advanced ; namely, that nitrification goes on so quickly in South African 
soils that there will always be enough nitrogen available when the plant needs it. 

The latter explanation may be considered briefly and dismissed. South African 
soils are desperately poor in organic matter. Organic matter is the sole source of 
supply of natural nitrogen. If the source of supply of natural nitrogen is almost 
non-existent, to believe that nitrification can supply enough nitrogen to the plant, 
is to believe in the making of bricks without straw; albeit that it is possible to hold 
as has been suggested, that the plant residues in the soil supply just enough material 
to permit of an amount of nitrogen fixation sufficient, and no more than sufficient, 
to make good the annual loss through nitrification. 

The extreme poverty of South African soils in humus and the essential part which 
organic matter plays in the feeding of crops are facts which those interested in the 
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use of fertilizers must take into careful consideration. Observations in South Africa 
have led me to propound some ideas which may throw light upon the role which 
organic matter plays in the soil. Hitherto it has been believed that the chief virtue 
of organic matter, apart from its physical effect on the soil, lies in the nitrogen which 
it supplies. Experiments made in South Africa on irrigated land are claimed by 
their authors to show that, whereas the addition of inorganic nitrogen produced 
no increase in crops, the addition of even so small an amount as one ton per acre 
of Kraal manure brings about marked crop increase. It is difficult, although per¬ 
haps not impossible, to believe that a small quantity of nitrogen in organic form is 
more beneficial to plants than a larger quantity of inorganic nitrogen. It is more 
reasonable to seek the benefit of the Kraal manure in the carbon which it contains, 
and it may be conjectured that the chief chemical role of organic matter is to supply 
carbon for the soil bacteria, and particularly for those soil bacteria which are engaged 
in nitrogen fixation. This consideration suggests a line of research of practical im¬ 
portance. If carbon in organic form be proved to play such an important part in 
enhancing soil fertility, it may become necessary to use as a filler in the manufacture 
of complete fertilizers some cheap waste product rich in organic carbon. There 
are expert growers, some of them among the best in the world, who act empirically 
as though they held this view and use always large amounts of organic matter to¬ 
gether with artificials in order to produce large crops of fruit and vegetables. 

Considerations of the bacterial changes in the soil lead to yet a further suggestion ; 
the wattle growers in Natal have proved that phosphates give a much larger growth 
of the tree than is obtained without their use. Now in a fairly wide excursion 
throughout South Africa, one of the few signs of nitrogen plenty was shown in the 
green-black colour of the leaves of wattles treated with phosphates. The dark 
colour suggests that the wattles have received plenty of nitrogen. But the soil is 
poor in nitrogen. Therefore the trees must have obtained it from the nitrogen¬ 
fixing nodule organism which infects the roots. 

Inquiry showed that on the roots of the phosphate-treated trees the nodules are 
far larger than on the roots of trees without added phosphates. Phosphates arc 
known to encourage nitrogen-fixing bacteria, but it is now suggested that these 
latter organisms are no less intimately connected with phosphates than they are with 
nitrogen ; in other words, that they not only bring nitrogen from the air into organic 
combination, but also that they do the like for the phosphates of the soil. If so, 
these nitrogen-fixing soil bacteria are the foundation-stones of soil fertility and their 
prevalence is determined first by the supply of organic carbon in the soil, and secondly 
by the supply of phosphates. 

In support of this suggestion it may be mentioned that the nodule-forming nitro¬ 
gen-fixing organism of clover is said to possess the power (denied to other grassland 
plants) of obtaining its phosphates from insoluble sources—a belief which could be 
easily verified. If it be true, it should be possible to balance, as a juggler dees balls, 
the clovers and grass constituents of a pasture by supplying phosphates now in soluble, 
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now in insoluble form. If this possibility were achieved it would have great practical 
value. All these things considered, it may prove that although South African soils 
are at present poor, their defects can be gradually remedied by the systematic use 
of fertilizers containing nitrogen and all the essential mineral elements as well as 
carbon compounds in a suitable form. 

Another and extraordinary fact lends confidence to this prediction. Trees of 
many kinds and in the different States of the Union- -Natal, Orange Free State, 
and Transvaal—grow with far greater vigour than they do in Europe. This fervour 
of growth is attributed in South Africa to water. It cannot be : for water could 
at best make the trees grow only as fast as they grow in Europe and not faster. 
Therefore among contributing causes to the vigour of growth not the least must 
be larger supplies of minerals. Unlike surface-rooting plants, trees can dive deep 
in the soil and from the deepest layers recover the phosphates which have vanished 
from the surface. 

Lastly, there remains to consider the second of the two alternatives already 
mentioned in explanation of current failure of nitrogen to give increased crop produc¬ 
tion on land treated with pliosphatic fertilizers ; this suggestion may be stated thus. 
The amount of phosphates given to crops is 200 lb. to the acre—an extremely light 
dressing. The soils of South Africa are desperately huDgry for phosphates. There 
is no reason to suppose that 200 lb. per acre satisfies their needs, especially for such 
a phosphate-greedy crop as maize. 

Lack of phosphates may still be limiting crop production, and if so the addition 
of nitrogen would certainly do more harm than good. A double dressing of phos¬ 
phates is known to give further increase of crop yields, but there is no reason why 
even a double dressing should completely make good phosphatic deficiency. There 
is evidence that 800 lb. or 1,000 lb. to the mergen goes on increasing yields ; and it 
is therefore suggested that the fundamental experiment is one in which a phosphate- 
needing plant (for example, maize) is grown in a series of soils which receive from 
200 lb. or more per acre together with a uniform light dressing of inorganic nitrogen, 
in order to ascertain whether when phosphate deficiency is completely remedied, 
nitrogen does not begin to come into beneficient operation. 

With that experiment should be made an inquiry into the morphological effect 
of phosphates, that is to say, the effect of phosphates on modifying the relative 
growth of the root system and the shoot system. Phosphates are known to encour¬ 
age root growth. It is suggested that with progressive increases in phosphates 
root growth may be more and more increased with the corresponding discourage¬ 
ment of stem growth. That would mean that the plant becomes both a more and 
more efficient collector and a greater and greater economiser of water. For with 
increased root more water is absorbed, and with reduced leaf and stem loss of water 
from the plant is reduced. If this proves indeed to be the case, then a changed 
technique might vindicate nitrogen as a crop producer in the dry soils of South 
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Africa. The change would consist in regulating the amount of nitrogen in relation 
to the phosphates and in applying it as a top-dressing after development has proceed¬ 
ed to a certain extent, and not as at present with the seed. Along with this series 
of experiments there should be another which would analyse more completely than 
has yet been done the well-established fact that fertilizers increase water economy 
iu the growing plants. It has been shown in India and elsewhere that when ferti¬ 
lizers are Supplied to plants economy in the production of dry matter is increased. 
But at the same time the total amount of dry matter may be so increased as to make 
more demands upon the soil water-supply than are made by the plant which receives 
no fertilizers. One of the most important problems before scientific agriculture 
must therefore be a working out of the most water-economising ration of artificials 
to be supplied to different kinds ^f plants. 

There are also experiments to be made in discovering varieties of maize and corn 
which will respond to fertilizers more effectively than those now grown, and there 
are also other genetical experiments which need to be carried out designed to dis¬ 
cover races with male inflorescences which will continue to produce pollen over a 
Jong priod, so that even if drought comes there may still be some pollen left after 
rain has restored growth to the plant. * 

There are other experiments of no less essential importance in relation to liming— 
a practice which is neglected in South Africa- and there are yet others : to seek in 
carbon fixation carried on in uncropped soils the origin of the amazing renewal of 
fertility which fallowed fields display. 

This sketch of the scientific problems which await solution shows incidentally 
how closely the future of the industry of agriculture depends upon the advances 
of pure science, and suggests how important it is for that industry both to encourage 
the investigations and to take part in them. 

I found South Africa in large part barren land ; it the ideas with which it has ins¬ 
pired me are true, they may yet make it fertile. 1 myself believe that a great future 
lies before that oountry, for I think that on those high uplands, so near the skies and 
so richly irradiated by the sun, the plants and the animals derived greater sustenance 
from the irradiated foods than do the animals of lower altitude and lesser suns. 
I believe, moreover, that in that great mineral deficiency which has been described 
lies the original source of all those troubles which South Africa endures. It is, 1 
believe, defective nutrition that has brought in its train the many maladies which 
afflict man and beast. If so, when the gross is restored to its full vigour, animals 
will renew their youth and defeat the attacks of now victorious parasitic pests. On 
those parts of South Afeioa from which those parasites are banished the trees grow 
stronger than they do elsewhere, the men and women are sturdier, and even the 
fleams are more exuberant and more substantial than they are when we grow them 
under our sadder skins. 



THE CALCIUM AND PHOSPHORUS REQUIREMENTS OF FARM 
ANIMALS AND THE EFFECTS OF DEFICIENCIES * 


BY 

J. B. ORR, D.S.O., M.C., M.A., M.D., D.So., 

Director , Bowen Research Institute, Bucksburn, Aberdeen. 

During the last few years, the relationship of diet to disease has received an 
increasing amount of attention in both human and veterinary medicine. It is now 
definitely established that there are certain diseases which are produced, not by the 
presence of a positive toxic agent, but by the absence of some essential food consti¬ 
tuent. There is also a good deal of evidence in favour of the view that, even in the 
case of some diseases due to the invasion of micro-organisms, the state of nutrition 
of the host, determined by its diet, is an important factor in determining the degree 
of susceptibility. 

The relatively high rate of growth and production in modern farm animals 
increases the importance of this aspect of preventive medicine. The more rapid the 
rate of growth or of the production of material of relatively constant composition, 
such as milk or eggs, the greater is the chance that there may be an insufficiency of 
some essential constituent of the diet, with the resultant appearance of definite 
deficiency diseases, and a weakening of what has been loosely termed “ the consti¬ 
tution ” of the animal, rendering it more susceptible to certain infectious diseases. 

The classical schemes of rationing were confined to calories or starch values, and 
protein ratios. But in addition to the groups of fats, carbohydrates, proteins, 
and allied substances, on which the calculations for these tables were based, there is 
a large number of substances which, while not yielding energy, are absolutelyessen- 
tial for health. It is in connection with these substances, some of which are required 
only in minute amounts, that the main research work in nutrition is at present being 
done. 

Of these non-energy-yielding constituents, those required in largest amounts are 
calcium and phosphorus. They not only form the main elements in the skeletal 
structures, but are present as essential components of every living cell. 

The minimum amounts of calcium and phosphorus which must be assimilated and 
retained for the formation of new tissue in the growing animal, or to be elaborated 
into a product such as milk, cm easily be calculated from the composition of the 
animal or the product. About 2 per cent, of the body weight of a bullock and 1 
per cent, of a pig consists of calcium (calculated as CaO). The percentage of phos¬ 
phorus (as PjO s ) is only slightly less. A calf, putting on 1J lbs. weight per day, must 
therefore absorb from the intestine and retain, approximately $ oz. of lime per day, 
and a pig about £ oz. A gallon of cow’s milk contains roughly $ oz. of lime and 

* Paper dismissed at the Veterinary Congress, Ayr, 1949. 
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£ oz. of phosphoric acid. A cow giving four gallons of milk a day is therefore 
subjected to a drain of 1 oz. of the former, and 1J oz. of the latter. The hen, laying 
an egg a day, is perhaps the largest producer in proportion to body weight. An egg 
production of 200 per annum requires \\ lb. of lime. 

The ration, however, must obviously contain more than these minimum amounts* 
There is a loss through ordinary “ wear and tear,” and, what is more important, 
only a proportion of what is present in the ration is absorbed from the intestine. 
The absorption of calcium appears to present more difficulty than that of phosphorus. 
There may be an abundant supply of calcium in the food, while, through difficulty 
of assimilation, the tissues may be short of lime. The amount absorbed from the 
intestine, as calculated from the intake in the food and the output in the faeces, 
may vary from 0 to over 80 per cent, of the amount ingested. It is obvious that 
the factors affecting the assimilation of calcium are as important as the amount 
present in the ration. 

The highest assimilation is obtained in the case of nutural foodstuffs, e.g., in the 
breast-fed human infant or the suckling calf. In such a case, provided the mother 
is in good health, the balance of the constituents of the milk is perfect for the suckling 
and all essential substances are present and are assimilated in sufficient amounts. 
But on ordinary rations such as are fed to animals indoors in winter, the conditions 
for assimilation are usually much less favourable. 

The factors affecting assimilation are as yet imperfectly understood, though 
recent work has shown that thoy can, to some extent, be controlled. 

The two factors which have received most attention recently are perhaps vitamins 
as present in cod liver oil, and ultra-violet light. The following figures (1)* illustrate 
the effect of cod liver oil on the assimilation of calcium. 


Table I. 


Showing effect of C.L.O. on Assimilation of Calcium . 


Young hog pig on ration of maize, middlings, oatmeal and blood meal. 


Days. 


1—7 
8—13 
14—19 
20—22 

Cod liver oil given. 

2a—28 

29—34 
35—40 


Calcium 
intake 
grams CaO. 

B&lanoe 
grams CaO. 

Calcium 
retained as 
percentage 
of intake. 

3*48 

•4-0*64 

+ 18 

3*48 

4-0*17 

+ « 

3*48 

—0*36 

—10 

3*48 

—0*48 

—14 

2*32 

4-0*17 

+ 7 

2*32 

4-1*54 

4-66 

1*70 

4-116 

4-68 


# Referenoe by figure is to literature cited at the end of the article. 
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It Till be seen that the addition of cod Uver oil has raised the calcium retention 
from a minus quantity to over 60 per cent, of the intake. This is an exceptionally 
marked effect, chosen to illustrate the fact that, in the case of calcium, factors 
affecting assimilation may be as important as the amount present in the ration. 

Irradiation with artificially produced ultra-violet light produces a similar effect, 
both in growing (2) and in lactating (3) animals. Thus, for example, in the case of 
young pigs, exposures to light from a carbon-arc lamp for one hour daily raised the 
calcium retention from 0 46 gram to 2‘10. 

Table II. 

Showing effect of Ultra-violet Light on Assimilation of Calcium and Phosphorus. 


Young hog pig on ration of oatmeal, maize meal, middlings and CaC0 3 . 


Days. 

Calcium 

intake 

grams. 

Calcium 

balance 

grams. 

Phosphorus 

intake 

grams. 

Phosphorus 

balance 

grams. 

1—10. 

411 

0-46 

10-18 

1-8H 

Irradiation commenced. 

fcS ::::::: 

mm 

0-55 

10-18 

1-30 

WmsSM 

1-78 

10-18 

2-54 

24—32 . 

In 

2-10 

10-18 

2-05 


In lactating goats exposure to ultra-violet light for four hours daily had a similar 
effect. 



Ooat 1. 

Ooat 2. 

Ooat 3. 

Average daily balance in 




grm. Ca:— 




Before light. 

. —0-24 

—0-41 

-0-25 

During irradiation .... 

. +016 

—0-20 

—001 

The effect of the light was to diminish loss of 

calcium or to convert a loss into a 


gain. 

The nature of the diet, in certain other respects, also affects the assimilation of 
calcium. Thus, for instance, a higher proportion of calcium appears to be absorbed 
from fresh pasture than from most other foodstuffs. In the case of hay the method 
of curing seems to be of some importance, assimilation being more difficult from hay 
that has been left lying cut for a long time than from hay secured with a minimum 
of exposure to the elements. T^he ratios of other constituents of the ration to calcium 
are also of some importance. Excess of magnesium may limit absorption. There 
is an optimum ratio of fat to pajcium- qphe ^ip of acid to hade radicles also has an 
influence, a ss i m ila t i o n being mare ra|hd when there is an excess of add radicles. 
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Finally, the ratio of to phosphorus is Of importance, a largo excess of either 

affecting the assimilation of the other. 

In practice some of these factors, such as the influence of cod liver oil and 
exposure to Bunlight, can be controlled. The question of the ratios Of different 
constituents is more diffi cult, and Consequently a sufficient margin intist be allowed 
to provide for factors adversely affecting assimilation. As far as experimental 
evidence goes, it seems that with ordinary rations, about three times the amount 
required for constructional purposes should be provided (4). That means, in thte 
case of a young calf, that the ration should contain about 1| oz. of lime per day, and 
in the case of a young pig about f oz. A milk cow giving four gallons per day Bhould 
have 3 oz. For animals grazing on good pasture these amounts are available. 
Good pasture contains about one per cent, of calcium in the dry matter (as CaO), 
so that a cow consuming grass equivalent to 30 lbs. of hay would obtain just over 
4 oz. of lime per day. On poor pasture, however, the percentage of lime may be 
as low as 0 5 or 0 6, and on such grazing she would receive only about two-thirds of 
the amount of calcium needed for a four-gallon milk yield. On indoor rations, the 
likelihood of deficiency would be even greater, as most concentrates are relatively 
poor in calcium. Thus, for example, it would take 2 cwts. of a mixture of oats, 
bran, and maize, to yield 3 oz. of lime. The danger of a calcium deficiency arises 
therefore either when grazing on poor pasture or during indoor feeding on concen¬ 
trates. 

Acute phosphorus deficiency occurs in grazing animals in several parts of the 
world. The percentage of phosphorus in the pasture in some cases may fall to little 
more than a tenth of that present in good pastures. In this country, however, a 
phosphorus deficiency is, on the whole, much less likely to occur than is a calcium 
deficiency. On poor pastures the percentage of phosphorus may fall as low relatively 
as the calcium, but when feeding concentrates, on which the most acute calcium 
deficiency is likely to occur, there is a super-abundant supply of phosphorus. Thus, 
the 2 cwts. of grain mixture referred to above, which yielded only 3 oz. of lime, 
would give about 50 oz. of phosphoric acid. Further, phosphorus is assimilated 
with greater ease than calcium. On the whole, therefore, while “ aphosphorosis ” 
may be a very serious condition in various grazing areas throughout the ifrorld, it is 
not likely to occur to any marked extent in the more intensive methods of animal 
husbandry practised in this country. When it does occur, if at all, in this country, 
it is likely to be on poor pastures, and then it would be associated with a deficiency 
of both calcium and other minerals. 

A deficiency of calcium ot phosphorus in the diet leads to decreased rate of growth 
in growing Animals and decreased production in full-grown animals. Some very 
striking figures are to be ftiund in the literature, showing the extent to which rate Of 
growth and production is increased when the missing element is added to a ration 
Which is markedly deficient. Theiler’s figures for cattle (5) show that the feeding 
of bone meal to stock grazing on phosphoruB-defioient pasture resulted in a rate of 
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growth nearly three times greater than that of control animals on the same phos¬ 
phorus-deficient diet without bone meal. The phosphorus deficiency had obviously 
restricted the rate of growth to a third of the animal’s capacity. A similar, though 
less striking, result was obtained in the case of milk yield, the addition of bone meal 
increasing the output by about 40 per cent. Comparable figures could be given for 
other deficiencies. For instance, in the case of pigs on a calcium-deficient diet, the 
gain in weight in 124 days was 69 3 lbs. as compared with 132-8 lbs. on the same 
ration with the addition of a calcium-rich salt mixture. 

The effect of deficiencies on growth and production is, however, of less interest 
to us here than the effect on the health of the animal. The metabolism of calcium is 
closely linked with that of phosphorus, especially in the bones. As might be ex¬ 
pected, therefore, there are certain gross symptoms which arise with a deficiency 
of either. The animal becomes unthrifty, as shown by a staring coat, a tendency 
to emaciation, lethargy, and a stilted gait, or other abnormalities of locomotion. 
Post-mortem examination shows fragility or softening of the bones, which may be 
classified as osteoporosis, osteomalacia or rickets, according to the histo-pathological 
picture. Accompanying these symptoms, there is frequently a depraved appetite. 
The abnormal substance eaten is usually rich in the element deficient in the food, if 
such material is available. 

The animals most likely to be affected are those with the highest requirements 
for calcium and phosphorus, namely, heavy-milking cows, and young calves and 
pigs. Fattening bullocks, beyond the most rapid stage of growth, and full-grown 
male animals often remain without any obvious symptoms of disease when cows and 
young animals are showing gross signs of deficiency. 

Until a few years ago our information on this subject was derived chiefly from 
the investigation of cases occurring in veterinary practice. In recent years, however, 
observations have been made on experimental animals purposely fed on a dteficient 
diet alongside control animals on a complete ration. Elliot and others (6) fed young 
pigs on a ration of oatmeal, bran, blood meal and potatoes, with some swede turnip, 

“ marmite ” and cod liver oil to prevent vitamin deficiency. The ration was marked¬ 
ly deficient in calcium. The animals showed the general symptoms referred to above. 
By the end of the third month bony deformities were evident. Post-mortem exa¬ 
mination of the bones showed a reduced calcium and phosphorus content, excess 
of osteoid tissue, and disorganisation of the zone of proliferation of cartilage. 
Control animals, on the same ration with the addition of a calcium-rich salt mixture, 
grew at the normal rate an# remained in perfect health. The requirements of the 
growing pig for calcium are very large, and there is no doubt that much of the disease 
in young pigs classed as rickets, or sometimes as rheumatism, now, fortunately 
becoming less common, is due to deficiency of lime in the food. 

Some interesting and significant results have been obtained with breeding 
animals. Davidson (7), working at Cambridge, with sows, found that deficiency 
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of calcium was the cause of the birth of weak litters, with high mortality after birth, 
becoming progressively worse with successive generations. Breeding was impossible 
in the fourth generation. It was noted that there was an absence of udder develop¬ 
ment at parturition, and an obvious lack of milk during the suckling period. 

In somewhat similar experiments with cattle at Wisconsin, Hart (8, 9) and others 
found that on a ration of ground oats and oat straw, cows failed to breed, or gave 
birth to dead calves. The addition to the ration of a calcium salt or crude limestone 
resulted in the birth of healthy, normal calves. These workers calculated that for 
normal reproduction there should be 0-45 parts of calcium per 100 of the ration, 
*.e., about f per cent., which approximates fairly closely to the estimate made above 
of the requirements of the cow. 

The most important of recent contributions to our knowledge of phosphorus 
deficiency are those made by the Onderstepoort station in South Africa. Reference 
has already been made to the limitation of rate of growth and milk production. 
The clinical picture includes the difficulty of locomotion and the bony changes 
which we saw to be characteristic. These workers definitely established phosphorus 
deficiency as the cause of the condition by showing that the phosphorus in the food 
was below the requirements of the animals, and by preventing or curing the condition 
by the administration of phosphorus-rich substances or inorganic phosphates. It is 
interesting to note that the more recent observations of the South African workers 
on the effect of phosphorus deficiency on breeding (10) are on the same lines as those 
of the American workers on calcium deficiency. The calves from the cows on 
phosphorus-deficient pasture were lighter at birth and weaker than those of control 
animals receiving bone meal. 

Such obvious pathological changes as softening or malformation of bones and 
failure to reproduce are, however, merely gross manifestations of a general consti¬ 
tutional disturbance. They are accompanied by disturbance of the functions of the 
ductless glands, or other organs, although gross pathological changes are not so 
evident as those occurring in the bones. Since the ductless glands play an important 
part in the regulation of the composition of the blood, evidence of such changes has 
been sought in the study of the changes which occur in the blood. It is l^nown that 
in rickets, either the blood calcium, or the phosphorus, or both may be lowered, and 
that return to the normal level precedes healing. Du Toit and his co-workers (11) 
found a low blood phosphorus in cows grazed on phosphorus-deficient pasture, and 
they showed that the weight and vitality of the calves were correlated with the level 
of inorganic phosphorus in the mothers’ blood. * 

Alterations in the level of calcium in the blood are less easily produced, but in 
certain feeding experiments with rabbits, Morton found that on a low calcium diet 
the calcium content of the blood in young rabbits was usually lower than that in 
animals on a complete ration, although the difference was seldom more than 10 
percent. 
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Pigs on a diet deficient in calcium develop symptoms closely resembling tetany 
in children, a condition in which the blood calcium has been shown to be definitely 
below normal. Another interesting condition which is associated with a low blood 
calcium is milk fever. This disease, which usually appears during the first forty-eight 
hours after calving, is characterised also by the presence of tetany. Dryerre and 
Greig (12) have shown that the blood calcium in milk fever may be as low as about 
a Third of the normal and that the lower the level, the more severe is the attack. 
Similar observations have been made independently by Little and Wright(13). 
Inflation of the udder, which is well known as the most rapid and effective cure, 
causes a rise in blood calcium, recovery being complete with its return to normal 
level. Lambing sickness in ewes has been shown by Greig to be identical with milk 
fever in cows. In both conditions, injection of a calcium preparation leads to 
recovery. 

In an investigation on a tribe of East African natives whose diet consists chiefly 
of cereals, and is consequently deficient in calcium, it has been found that the blood 
calcium is below normal. A similar observation has been made by McCulloch in 
Nigeria. 

Our information on the composition of the blood in relation to diet is, unfor¬ 
tunately, rather meagre, but what is available suggests that deficiencies of calcium 
or phosphorus in the diet, or a sudden drain of these elements, such as occurs at the 
onset of lactation, may cause a deviation from the normal physiological level. The 
question arises to what extent this deviation from the normal, in the circulating fluid, 
accompanied, as it must be, by disturbances of function of the ductless glands and 
other organs, will affect the resistance of the animal to the invasion of pathogenic 
organisms. We have very little experimental evidence on this point. Morton, 
however, in some work not yet published, found in experiments with rabbits that 
certain deficiencies in the diet are correlated with a reduction in the level of calcium 
in the blood which, in turn, is correlated with a decreased resistance to artificially 
introduced tubercle bacilli. In the East African investigation referred to above, 
a survey of the diseases occurring in the tribe on cereal diet, and in a neighbouring 
tribe on a meat, blood and milk diet, which is rich in both calcium and phosphorus, 
showed that pneumonias and tuberculosis were much more prevalent in the cereal- 
fed native than in the latter. 

Du Toit, of South Africa, in a private communication to the writer, has stated 
that one of the most remarkable results being obtained in his experiments in the 
feeding of bone meal and salt in the phosphorus-deficient area, is the marked decrease 
in the death rate in the bone meal-fed groups as compared with the controls. 

In some experiments on sheep which we have been carrying on for the past three 
years in areas where the pastures are deficient and where there is a high mortality, 
we have noted a decreased mortality in the groups, receiving supplementary feeding, 
making good the deficiencies in the pastures. The results are, however, too few to 
allow definite conclusions to be drawn. 
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The evidence which can be brought forward in support of the hypothesis that 
dftfinvmnjjw of Mtlftiiim and phosphorus in the food lead to decreased resistance to 
certain diseases is much too meagre to enable us to draw any conclusions. It is 
sufficient, however, to stimulate further investigation. If it should be shown that 
diet plays a part in affecting the resistance to certain common infectious diseases, 
there is obviously there a field of investigation of enormous importance in both 
human and veterinary preventive medicine. 

So far the most enlightening work on this subject has been done, not in schools 
of human medicine, but in connection with farm animals. Veterinary medicine, 
apart from the deplorable lack of funds for research, is in a much better position to 
explore this field than is human medicine, and the field of observation is much wider. 
It includes different species of animals where the requirements are very high and 
where consequently there is liable to be a deficiency. The dietary history is much 
more straightforward and more easily obtained than that of human patients. 
Further, the clinical material can be easily subjected to experiment and post-mortem 
examination. 

The ideal combination for research would be team work between the veterinary 
clinicians and the physiologists. It is from such combined effort that our knowledge 
of this subject is likely to be increased in the next few years. 
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VETERINARY SCIENCE AND AGRICULTURE * 


BY 

Dr. P. J. DU TOIT. 

(Reprinted from Nature, dated the 4th Ootober, 1930.) 

The prominent position which veterinary research occupies in the scientific life 
of South Africa to-day and the valuable practical results which have been obtained 
in this field of work have encouraged me to choose as the subject of my address the 
role which veterinary science plays in the agricultural development of a country. 
For obvious reasons my remarks will be confined almost exclusively to the live-stock 
side of agriculture in the wider sense ; and for equally obvious reasons most of my 
oxamples will be quoted from South Africa. 

Since the beginning of the present century the growth of veterinary science has 
been remarkable. Indeed, it may be said that a new veterinary science has arisen 
unobserved by the general public. A quarter of a century ago the veterinarian was 
looked upon as a moderately useful, though obscure, member of the community, 
whereas to-day he is regarded as an essential factor in the economic machine of the 
State. In this transformation of veterinary science the British Dominions and 
Colonies played no unimportant part. The veterinarians who had migrated to those 
countries and taken with them the stock of knowledge which they had obtained 
at the European veterinary schools, found themselves confronted with new problems 
which required solution. Research work on a large scale became necessary. Novel 
methods of attacking disease had to be devised. The farmer soon came to realize 
that his very existence depended on the protective measures of the veterinary staffs, 

I propose to review briefly some of the roost notable achievements of veterinary 
science in recent years, and to indicate how the work of the veterinarian has becomo 
interrelated with that of workers in other branches of science. 

Animal Diseases. 

Trypanosomiases. Probably no other single group of disease-producing organ¬ 
isms has retarded the agricultural development of the continent of Africa more than 
that of the trypanosomes. If the cattle population of Africa be estimated at about 
40 million head, it is quite safe to say that this number could easily be doubled if the 
danger of trypanosome infection were removed. In Nigeria, for example, only a 
portion of the drier northern provinces is suitable for cattle ranching; the much more 
fertile southern provinces are practically devoid of cattle on account of the ravages 
of trypanosomiasis. Similar conditions obtain in almost every territory in Africa 

* From the presidential address to Section U (Agriculture) of the British Association, delivered 
at Bristol on Sept. 8,1930. 
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(except the extreme south). The soil is fertile, grazing is plentiful, the climatic 
conditions are favourable, but the presence of tsetse flies and trypanosomes renders 
cattle farming impossible. 

Fortunately, we can record considerable progress in this field of work during 
recent years. The problem has been attacked along two lines mainly. A direct 
attack has been launched against the parasite by means of drug treatment; and an 
indirect attack on the disease has been made through a campaign against the trans¬ 
mitter, the tsetse fly. The third line of attack, the immunisation of animals against 
infection, has not yielded very promising results. 

One further trypanosome disease should be mentioned here, namely, dourine. 
Known for about a hundred and fifty years, this disease has been responsible for 
very heavy economic losses to horse-breeders in Europe and other countries. With 
the aid of modem methods the disease was eradicated from most of the closely settled 
and well-organised western European States. But in the vast open spaces of Canada 
and other countries its eradication proved to be a much more difficult problem. It 
was only when Watson in Canada succeeded in perfecting a delicate diagnostic test 
for the detection of the infection that the eradication of the disease could be attempt¬ 
ed seriously, and the results of the subsequent campaign in Canada have been entire¬ 
ly satisfactory. Jt should be added that Watson’s success has stimulated further 
research into the problem of diagnosing other trypanosome infections by serological 
methods. A fair amount of ruccess has attended these efforts, and quite recently 
Robinson at Onderstepoort has reported further progress in the serological diagnosis 
of Trypanosoma congolensc infection. 

Pirophsmoses. Under this heading are included diseases like redwater or 
Texas fever of cattle, biliary fever of dogs and horses, ‘ gallsickness ’ or anaplas- 
mosis, and East Coast fever of cattle. 

Their etiology was completely obscure until Theobald Smith and Kilborae in 
America, in a series of brilliant researches extending over the years 1888-92, suc¬ 
ceeded in elucidating the nature of the first-named disease. Not only did these 
investigators discover the causal organism in the blood of infected cattle, but they 
also proved that the disease was transmitted by ticks and that the infection passed 
through the egg of the tick from one generation to the next. All this was complete¬ 
ly new to science ; it was the first time that the transmission of a mammalian disease 
through an invertebrate host had been proved experimentally. This contribution 
to science by two veterinarians is worthy of special note. 

In the case of redwater, great advances can be recorded. The direct method of 
attack is eminently satisfactory, thanks to the discovery by Nuttall and Hadwen 
in 1909 that the drug trypanblue has a specific action on the parasite of redwater of 
cattle and biliary fever of dogs. The treatment is so successful that the disease has 
lost much of its terror since the discovery of the value of this drug. 
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In the cade of anapiasmosis, a method of immunisation has been practised in 
South Africa for neatly twenty years and has been the means of saving thousands 
of animals. 

Of the diseases mentioned in this section, East Coast fever is the most formid¬ 
able, because of the very high mortality attending it. This disease must have cost 
South Africa several million pounds since its first appearance nearly thirty years 
ago. The loss to the country has been partly direct through the death of many 
thousands of animals, partly indirect through the costly organization which it is 
necessary to maintain to fight the disease. 

It is impossible in this brief review to discuss the methods employed in the 
eradication of East Coast fever, or the many practical difficulties encountered ih 
this campaign. For our purpose it is sufficient to state that the dipping of cattle 
in an arsenical bath has proved to be a very valuable aid in the fight against East 
Coast fever or any other tick-borne disease. 

In South Africa dipping has been practised since the beginning of this century, 
and has now become an integral portion of the daily routine of farming. No up- 
to-date stock farm can be found to-day without at least one dipping tank. Even 
if all the tick-borne diseases should now disappear, the majority 6f farmers in South 
Africa would continue to dip their animals regularly. The extent to which dipping 
is practised to-day may be gauged by the fact that there were in the Union of South 
Africa in 1929 more than 13,600 dipping tanks. 

In the United States of America, where Texas fever (redwater) is the only serious 
tick-borne disease, an attempt is being made to eradicate completely the trans¬ 
mitter, Boophilus annulatus, by means of dipping. Large areas have already l>een 
cleared of these ticks, and the economic advantages to which these areas are entitled 
after being declared tick-free, more than compensate for the expenses incurred. 

Virus Disease w. The vast sums of money which have been spent in Great Britain 
during the last few years on the eradication of foot-and-mouth disease should con¬ 
vince even the layman of the importance of this group of diseases. 

In the olden days it was rinderpest which caused the severest losses. It has been 
calculated that the losses in Europe during the eighteenth century amounted to 
200 million head of cattle. The disease made its appearance in England in 1866. 
A Royal Commission was appointed and its report is of value to this day. Later on, 
improved methods of eradication and prevention were evolved, and to-day most 
countries are free of rinderpest. However, in the Far East and in Central Africa 
the disease is till prevalent, and causes sorious losses. 

Two recent outbreaks of rinderpest, one in Belgium in 1920 and the other in 
Australia in 1923, both of which were eradicated completely within a few months, 
have again shown how far veterinafy science has advanced during the last century 

South Africa has been free of the two diseases just named for many yea H. But 
there are several other virus diseases which play a very important role. Among 
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these, horaeeickness end bluetongue of sheep are perhaps the moat important. An 
extensive study of the former disease by Thciler and his co-workers has yielded some 
very valuable results, but the problem of homesickness cannot be said to be solved. 
At present a method of immunisation with hyperimmune serum and virus is prac¬ 
tised, and this method has given excellent results in mules. About 4,000 mules are 
immunised annually, and it has been stated that if the Onderstcpoort Laboratory 
had produced nothing else except this method of immunising mules, its existence 
would have been justified. 

The second important virus disease of South Africa is bluetongue of sheep. The 
disease is of great economic importance and would have been a very serious hindrance 
to the sheep farmer had it not been for the fact that Theiler discovered a simple 
method of vaccination by means of which the losses from the disease can be reduced 
to a negligible quantity. Every year two to three million doses of this vaccine are 
issued to the farmers, and the ultimate saving to the country must be enormous. 

Of the many other virus diseases of animals, only one more need be referred to 
here, namely, rabies. This most dreaded of all human and animal diseases has 
been eradicated from many countries, and is being kept out by strict quarantine 
measures. In 1918 the disease was introduced into England with a dog which had 
been smuggled in in an aeroplane. Strict measures were put into force and in a com¬ 
paratively short space of time the disease was stamped out completely. Methods of 
preventive inoculation of dogs, in countries where the eradication of the disease is 
very difficult, have been tried on a large scale. The results have, on the whole, 
been very good ; but it is too early to predict the future scope of these methods. 

Bacterial Diseases. Of the host of bacterial diseases, only a few need be men¬ 
tioned here. The deadly glanders, which wag known before the time of Christ, 
and oven twenty-five years ago still caused severe losses amongst horses and con¬ 
stantly threatened the human population, has now been practically eradicated 
from all civilized countries—thanks to the accuracy of the diagnostic tests which 
are used to identify the disease. 

Another disease which at one time was responsible for very serious losses and 
which has now practically disappeared is plouro-pneumonia (hwgsickness) of cattle. 
In the year of 1860 about 187,000 head of cattle arc stated to have died in Great 
Britain of this disease ; and the mortality in other European countries at that time 
Was correspondingly high. Towards the end of last century the disease was stamped 
out in Britain and to-day the greater part of Europe is free of the disease. South 
Africa, in spite of the fact that neighbouring countries are still infected, has been 
free of lungsickness since 1915. 

Only one other bacterial disease can be mentioned here, namely, tuberculosis. 
In 1901, Robert Koch, who about twenty years previously had discovered the 
cause of the disease, startled the scientific world by announcing to a Tuberculosis 
Congress in London that human tuberculosis aud bovine tuberculosis were two dis- 
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tinct diseases which were not communicable from the one species to the other. Un¬ 
fortunately, this statement proved to be wrong. We know to-day that human 
beings do contract bovine tuberculosis, and for this reason most civilized countries 
adopt measures for the suppression of the disease in cattle. The United States 
and Canada are leading the world in this respect and have spent millions of pounds 
in compensation for the destruction of tuberculous reactors. Denmark, Germany, 
England, and other countries are also doing much and have achieved a large mea¬ 
sure of success in their efforts to supply to the population milk and beef fro© of 
tubercle bacilli. But very much remains to be done. In human beings the mortality 
from tuberculosis is still high in all countries, and a considerable percentage of the 
deaths must be ascribed to the bovine strain of the organism. The disease in cattle 
can be stamped out provided enough money is made available. 

Kecently great interest has been shown in the attenuated strain of tubercle bacilli 
produced by Calmette and Guerin of the Pasteur Institute. Experiments in which 
it is attempted to immunise children and young animals, with this strain, are in 
progress throughout the world. It is sincerely hoped that all this work will prove 
that the method of Calmette and Guerin has given us yet another weapon against 
this insidious disease. 

Internal Metazoan Parasites. The only group that need be mentioned in this 
brief survey are the worms. These parasites have become more and more important 
and to-day they actually constitute the ‘ limiting factor ’ in successful sheep farm¬ 
ing in many parts of the world. This subject forms a highly specialised sicence of 
its own, the science of helminthology - in which many notable successes have been 
achieved in recent years. 

The ordinary stomachworm of sheep (Hamonchus contortus) is world-wide In 
its distribution and is the cause of very severe losses. Better farming methods 
will undoubtedly improve the position, but in the meantime farmers look to the 
veterinarian to rid their sheep of these deadly parasites. Various chemicals have 
been tried with varying degrees of success, but perhaps nowhere has the success 
been so marked as in South Africa, where, as a result of the researches of Theiler, 
Veglia, Green, and others, a method of treatment was recommended which has 
proved the salvation of many sheep farmers. The method consists of the accurate 
dosage of a mixture of arsenite of soda and copper sulphate; and the extent to 
which this method has been applied may be gauged from the fact that at present 
some 25 million doseB of the mixture are issued annually from Onderstepoort. The 
method is not perfect, but it has been a great factor in making sheep farming a 
success where otherwise it would have been a dismal failure. 

One further fact must be emphasized here. The menace of worm infection has 
become so great that no sheep farmer can hope to be successful if he disregards the 
teaching of modem science. Overstocking of farms must be prevented at all costs; 
marshes must be drained or the sheep kept away from them; sheep must be treated 
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regularly according to the best methods known. If these procautions are adopted, 
the parasites can be kept in check and profitable sheep farming will become possible; 
if the advice is ignored, then the financial loss to the farmer will be the smaller the 
sooner he gives up farming. 

External Parasites. The two most important groups of ecto-parasites, the ticks 
and the tsetse flies, have already been referred to. 

A further very important group are the mites. These minute parasites are 
responsible for the diseases known as scab or mange in animals, and have caused 
untold losses. In the fight against these diseases the British Dominions have had 
very signal success. Australia and New Zealand have eradicated sheep scab com¬ 
pletely, Canada is practically free of it, and in South Africa, where the presence 
of a large native population owning a very inferior class of sheep has made the cam¬ 
paign particularly difficult, the incidence of the disease has been reduced to infini¬ 
tesimal proportions and complete eradication is hoped for within a short time. 

Another very important ecto-parasite of sheep is the so-called blowfly. The 
trouble is caused by these flies depositing their eggs in the wool of sheep, especially 
in the soiled and moist parts, and by the resulting maggots causing serious damage to 
the wool and the sheep itself. The pest has assumed alarming proportions in 
Australia and is becoming more and more important in other countries, including 
South Africa. 

Determined efforts are being made to combat the pest and valuable progress 
has been achieved. In this research entomologists and veterinarians are working 
hand in hand. 

Diseases due to Poisonous Plants. That certain plants are poisonous and may 
have fatal effects when consumed by animals has probably been known for centuries. 
However, it is only during recent years that plants have been studied which produce 
diseases comparable with epizootic diseases. In this field of research South African 
workers have been prominent. 

One of the most remarkable of these diseases is that known in South Africa as 
gousiokte (rapid disease) of sheep, which was studied some years ago by Theiler, 
Du Toit, and Mitchell. The cause of the disease was shown to be the plant Van- 
gueria pygmcea. The poison contained in the plant acts on the heart muscle, caus¬ 
ing a myocarditis with subsequent dilatation of the ventricles. As soon as the pro¬ 
cess has reached a certain stage the animal dies of 4 heart failure’. To the casual 
observer the disease presents all the characteristics of an infectious disease. 

Other no less remarkable diseases were studied by Theiler and his co-workers. 
A disease called geeldikkop (yellow thick head) in sheep was shown by Theiler (1928) 
to be due to a plant Tribulus terrestris, although more recent work by Quin, Steyn, 
and others at Onderstepoort has shown that there are other factors to be considered 
in the causation of this disease. 
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Vomiting disease of sheep was studied by Du Toit (1928) and proved to be caused 
by QeUferia spp. The disease may produce very severe losses in certain years, 
especially after droughts, when the plant is very widespread. 

The study of poisonous plants is now being actively pursued in various countries, 
and further interesting developments may he expected. It is obvious that the co¬ 
operation of botanists is essential for the success of this work. 

Deficiency Diseases. The great importance of the vitamins in the nutrition of 
human beings is so well known that it need not be stressed here. In the case of the 
common domestic animals (except perhaps the pig, the dog, and the fowl) the 
vitamins seem to be of far less importance than in human beings. On the other 
hand, mineral deficiencies are, generally speaking, much more important in animals 
than in human beings. In recent years it has been found that large portions of the 
earth’s surface are deficient in some mineral or other essential for the normal health 
and growth of animals. 

In South Africa, as well as in other African territories and in Australia, the 
most serious deficiency is that of phosphorus. Theiler and his co-workers have 
investigated the ill-effects of this deficiency on cattle very fully. They have shown 
that cattle grazing on phosphorus-deficient pastures develop a depraved appetite 
for bones and other carcase debris, and this may lead to the ingestion of toxic 
material with fatal results (lamsiekte in South Africa); further, that such cattle 
remain stunted in growth, are late in maturing, are frequently unfertile, produce 
very little milk, and arc very susceptible to various diseases. By the addition of 
a small daily ration of phosphorus to the diet, they were able to bring about an 
almost miraculous improvement in the condition of the animals. 

As a result of the general feeding of phosphorus compounds in the deficient .areas 
of South Africa, the disease lamsiekte, which a dozen years ago caused enormous 
losses, has practically disappeared and cattle farming in those areas has again 
become profitable. The significant fact may be recorded here that the village of 
Vryburg in Bechuanaland, where ten years ago milk was very scarce, to-day owns 
a creamery which handles a larger volume of cream than any other creamery in 
South Africa. 


Qth«r Veterinary Problems. 

Problems in connexion with the nutrition of animals are now receiving attention 
in many countries. The vast importance of correct feeding can be illustrated best 
by referring again to the phosphorus deficiency which exists in the pastures of South 
AJrica and other countries. The astounding results which have been achieved 
with the addition of a small quantity of phosphorus compounds to the ration of 
the animals promise to revolutionise the beef and dairy industries. 

Animal breeding also presents problems of great importance and these are inti¬ 
mately bound up with the porblems of disease and nutrition. In South Africa, 
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as in other countries, there is a constant cry for the replacement of the scrub bull 
by pedigree sires. This demand would be met to a far greater extent were it not 
for the fact that in many parts of the country pedigree bulls cannot live because of 
disease or nutritional difficulties. 

In South Africa control over the diseases mentioned above is gradually improv¬ 
ing and, in regard to the deficient areas, recent investigations by Du Toit and 
Bisschop have shown that the grading up of native stock can be carried out with 
complete success provided the deficient mineral is supplied. Both beef cattle and 
dairy cattle have been bred on the extremely deficient veld of Bechuanaland with¬ 
out signs of deterioration, and the cost of the supplementary ration has been 
negligible in comparison with the advantage derived from such feeding. 

Gratifying though the success which has been achieved may be, the need for 
further research on live-stock problems has never been greater than it is to-day. 
The development of enormous areas in the British Dominions and Colonies is entirely 
dependent on the progress of research. With the aid of further scientific measures, 
these new countries could absorb a very much larger population than they now har¬ 
bour. Over population will not make itself felt for generations, nor need over¬ 
production be contemplated seriously. 

The prosperity of a very large percentage of the population, both European 
and native, in the Dominions and Colonies depends on the live-stock industry— 
breeding of pedigree stock; beef, mutton, or pork production; dairy farming; 
wool or mohair production; skin and hide trade ; poultry farming, etc. These 
farmers look to the veterinary service of their countries more and more for assistance 
and protection. Without this assistance, profitable stock farming, especially in 
the tropical and sub-tropical countries, is impossible. The assistance, if it is to be 
effective, must be based on the latest achievements of scientific research. Rule-of- 
thumb methods will not suffice. 

In a humble way South Africa has proved the wisdom of maintaining an adequate 
veterinary research service. At Onderstepoort the Government twenty-one years 
ago established what must be regarded as a fairly large research institute, if the 
size of the population be taken into consideration. This institute, under the brilli¬ 
ant directorship of Sir Arnold Theiler, soon proved to be not a liability but a valu¬ 
able asset to the country. The results obtained in any one of its various sections 
would probably have justified the maintenance of the entire institution. 

I have said that the Dominions and Colonies have played an important part in 
the recent growth and development of modern veterinary science. The quality of 
the research work produced by veterinarians in these countries has been of such high 
order that it sojn placed veterinary science (which not many years ago was regard¬ 
ed as the Cinderella of sciences) abreast of the other sciences. As a matter of fact, 
in South Africa it can be said, without disparagement to any other group of workers, 
that veterinary science occupies a very high, if not the leading, position. This 

H 
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has had a wholesome influence oa the science itself and on the type of worker who 
was recruited in its service. The stigma of inferiority which for so long was attach* 
ed to the veterinarian has disappeared. To-day, veterinary science is looked upon 
as a field of work which offers almost unlimited scope for research and, in its practi¬ 
cal application, may hiing untold material benefit to a country. 



NOTES 


DROUGHT-RESISTANT CANES. 

The Hawaiian sugar experiment station has made an investigation of the juices 
of seven varieties of sugarcane in which the freezing point and osmotic concentra¬ 
tion of each of the varieties was determined. On examining the figures it is seen 
that there appears to be a correlation between the freezing point of the juice and 
the resistance of the variety to drought. Uba cane is without doubt the most 
drought-resistant cane variety in Hawaii, and it has the lowest freezing point and 
highest osmotic concentration of the varieties studied. Lahaina cane, the juice 
of which is easily frozen and has a low osmotic concentration, is without question 
very sensitive to drought. [Facts about Sugar , September, 1930.] 

COTTON NOTES. 

We have received the following for publication from the Secretary* Indian Central 
Cotton Committee:— 

Cotton Hairs : Characteristics.— R. C. Campbell. (Georgia Experiment Station 
BuU. No. 158, 1929, 15 pp.). 

Investigations of the relationships between the length weight, volume, tensile 
strength, and maturity of cotton hairs are described. The results of measurements 
are tabulated and the relationships between the different characteristics are shown 
graphically. The results show that the breaking load per hair for the varieties 
tested increases with the weight per inch of the hair. Generally speaking, mature 
and well-developed cotton seed hairs are stronger than immature thin-walled hairs. 
This seems to justify the common statement that the presence of a medium to high 
percentage of immature hairs in a sample of lint will weaken the tensile strength 
of the fibre, and to some extent the tensile strength of the yam. The strength of 
the yarn, however, will probably be affected very little, if any, by the presence of 
immature hairs since the same size of yam would contain more hairs per cross section 
with a higher percentage of immature hairs. The weight of cotton seed hair per 
unit length increases with the process of maturity from the date of fertilization to 
the date on which the bolls open. Increase during the first four weeks is due almost 
entirely to elongation of cell. During the remainder of the maturation period the 
increase is due almost entirely to secondary thickening of the cell wall. About 
two-thirds of the weight of ripe cotton seed hairs is due to secondary thickening 
of the wall of the hair cells. The cotton hair elongates very little, if any, after about 
the 30th to 82nd day of maturation. The maximum length is reached sometime 
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about the 30th day for varieties of which the bolls mature in about 47 to 60 days 
after the blossom opens. Varieties that have a maturation period of 64 to 58 days 
require a proportionately longer period for hair elongation. As a general rule, short 
seed hairs are heavier in proportion to their length than long ones. This indicates 
that ordinarily long staple cottons have a finer lint than short staple although there 
are exceptions. [British Cotton Industry Research Association—Summary of Current 
Literature —Vol. X, No. 18.] 

Plant Fibres : Chemical Sectioning. —M. A. el Kelaney and G. 0. Searle. 

(Proc. Roy. Soc., 1930, B. 106, 367-363). 

A simple method is described for obtaining thin transverse sections of plant 
fibre bundles by chemical means. The fibre is boiled in sulphuric acid and without 
washing is then dried in an oven until it begins to char. The tendered fibre is 
mounted in caustic soda solution and submitted to suitable pressure, whereupon 
the fibre bundles segment into transverse sections. These sections are usually be¬ 
tween 10(jl and 20f i thick, quite flat, exactly transverse and retain all the fine details 
of structure present in the untreated fibre. It is suggested that sections formed in 
this way will be a valuable aid to the routine identification of different fibres. Tenta¬ 
tive suggestions are made as to the underlying cause of fibre segmentation. Sections 
of six kinds of fibre are illustrated. [The Journal of the Textile Institute, Vol. XXI, 
No. 9]. 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc. 


Dr. R. P. Paranjpye, M.A., B.Sc., Member of the Council of India, has been 
appointed as the representative of India on the Executive Council of the Imperial 
Agricultural Bureaux, vice Dr. D. (Houston, C.I.E., M.A., D.Sc. 


m 

Madras. 

Mr. D. 6 . Munro, B.Sc., I.A.S., temporarily Oil-Seed Specialist, has been posted 
as Deputy Director of Agriculture, VIII Circle, Madras Presidency, on relief by 
Mr. J. S. Patel. 

Mr. J. S. Patel has been appointed Oil-Seed Specialist, Madras Presidency, on 
probation. 

Mr. C. Narayana Ayyar, Dip. Agri., District Agricultural Officer, Cuddalore, 
has been appointed Deputy Director of Agriculture, VII Circle, Madras Presidency, 
and posted for duty under the Registrar of Co-operative Credit Societies. 


Mr. R. C. Broadfoot, N.D.A., C.D.A., I.A.S., Deputy Director of Agriculture, 
VIII Circle, Madras Presidency, on relief by Mr. D. G. Munro, has been appointed 
officiating Principal, Agricultural College, Coimbatore. 

The services of Mr. P. H. Rama Reddi, M.A., B.Sc. (Edin.), I.A.S., officiating 
Principal, Agricultural College, Coimbatore, have been placed at the disposal of the 
Government of India for employment as Deputy Secretary to the Indian Central 
Cotton Committee, Bombay. 


Bombay. 

Mr. V. A. Tamhane, M.Ag., M. Sc., I.A.S., Agricultural Chemist and Soil 
Physicist, Agricultural Research Station, Sakrand, has been granted leave on average 
pay for two months with effect from the 3rd January, 1931, with permission to 
prefix the Christmas holidays. 
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Mb. N. V. Kanitkar, Assistant Professor of Chemistry, Agricultnral College, 
Poona, doing duty as Soil Physicist to Government, Bombay, has been granted 
leave on average pay for eight months with effect from the 25th November, 1930. 

M 

Mr. V. G. Patwardhan, Assistant Professor of Chemistry, Agricultural College, 
Poona, has been appointed to act as Soil Physicist to Government, Bombay. 


United Provinces. 

Mr. R. V. Damle, B.A., Assistant Professor of Botany, Agricultural College, 
Cawnporo, has been placed in charge of the duties of the Second Economic Botanist 
to Government, United Provinces, in addition to his own, with effect from the 28th 
August, 1930. 


Mr. S. C. Roy, M.So. (Alld.), B.Sc. (Lond.), has been appointed temporary Pro¬ 
fessor of Botany at the Agricultural College, Cawnporo, from the date of assuming 
charge of his duties. 


Mr. W. Head has been confirmed in the post of Deputy Director of Gardens, 
United Provinces, with effect from the 4th January, 1930, vice Mr. A. E. P. Griessen, 
retired. 

m 

Punjab. 

% 

Mr. T. A. Miller Brownlie, C.E., M.I.W.E., M.I.M. and C.E., Agricultural 
Engineer to Government, Punjab, Lyallpur, has been appointed as Principal, Punjab 
Agricultural College, Lyallpur, with effect from the 16th September, 1930, in addition 
to his own duties and relieving Dr. P. E. Lander, Agricultural Chemist to Govern¬ 
ment, Punjab, of the additional charge. 


Mr. W. Taylor, I.Y.S., M.R.C.V.S., D.V.H., Principal, Veterinary College, 
Lahore, has been appointed to officiate as Director, Imperial Institute of Veterinary 
Research for six months from the 3rd October, 1930, vice Mr. F. Ware, F.R.C.V.S., 
I.V.S., on leave. 

il 

Captain U. W. F. Walker, M.C., I.V.S., M.R.C.V.S., Professor of Surgery at 
the Punjab Veterinary College, Lahore, has been appointed to officiate as Principal, 
Punjab Veterinary College, Lahore, with effect from the 22nd September, 1930. 
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Lala Duroa Dass, G.P.V.C., P.V.S., Assistant to the Professor of Medicine, 
Punjab Veterinary College, Lahore, has beon appointed to perform the duties of the 
post of Professor of Medicine, Punjab Veterinary College, Lahore, with effect from 
the 22nd September, 1930. 


II 

Burma. 

Mb. G. Pfaff, M.R.C.V.S., has been appointed to the Burma Veterinary 
Service, Class I, with effect from the 29th September, 1930. Mr. Pfaff has been 
appointed Principal of the Veterinary College, Insein, in place of Mr. S. R. Rippon, 
and to officiate as Veterinary Research Officer, with headquarters at Insein. 


fi 

The headquarters of Mr. S. R. Rippon, M.R.C.V.S., I.V.S., Deputy Director of 
Veterinary Services, South-Eastern Circle, and officiating Deputy Director of Veteri¬ 
nary Services, South-Western Circle, Burma, have been transferred from Insein to 
Moulmein. 

H 

On return from leave, Mr. H. P. Robertson, B.Sc., I.A.S., has beon re-postod 
to Mandalay as Professor of Agriculture, Agricultural College, Mandalay. 


On return from leave, Mr. F. D. Odell, M.A., I.A.S., has been re-posted as Deputy 
Director of Agriculture, West Central Circle, Burma, with headquarters at Magwe. 


M 

On return from leave, Mr. A. Mclean, B.Sc., I.A.S., has been re-posted as De¬ 
puty Director of Agriculture, East Central Circle, Burma, with headquarters at 
Pyinmana, vioe Mr. R. Watson who remains in charge of the Myingyan Circle. 


H 

OTTO 

Bihar and Orissa. 

Mb. A. P. Cuff, B.A., I.A.S., Deputy Director of Agriculture, Bihar and Orissa, 
has been posted, on expiry of his leave, to the North Bihar Range with headquarters 
at Muzaffarpur. 

SB 


Mb. 0. A. Maclean, M.C., M.A., B.Sc., I.A.S., Deputy Direotor of Agriculture, 
Bihar and Orissa, has been posted, on expiry of his leave, to the Chota Nagpur Range. 
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Central Provinces. 

On return from leave, Mr. F. J. Plymen, C.I.E., I.A.S., has been re-posted as 
Director of Agriculture, Central Provinces. 


On relief by Mr. F. J. Plymen, Mr. R. 0. Allan, M.A. (Cantab.), I.A.S., officiating 
Director of Agriculture, Central Provinces, has reverted to his substantive post of 
Principal, Agricultural College, Nagpur, and has been placed, in addition to his 
own duties, on special duty in connection with the enquiry on past manurial experi¬ 
ments. 

m 

cWo 

On relief by Mr. R. G. Allan, Mr. E. A. H. Churchill, B.Sc. (Edin.), I.A.S., 
officiating Principal, Agricultural College, Nagpur, has been posted as Deputy 
Director of Agriculture, Northern Circle, Central Provinces. 


On relief by Mr. E. A. H. Churchill, Rai Sahib Bhaiya Lal Du buy, L.Ag., De¬ 
puty Director of Agriculture, Northern Circle, Central Provinces, has been posted 
to the charge of tho North-Western and Plateau Circle, Hoshangabad. 


SR 

Assam 

On the termination of his special duty in the Assam Secretariat, Mr. I. Majid, 
I.C.S., has been appointed to officiate as D ircctor of Agriculture and Industries and 
Registrar of Co-operative Societies, Assam. 


SR 

Baluchistan. 

Nawabzada Saadatullah Khan, M.A., Barrister-at-Law, I.A.S., on transfer 
from Madras, has boen appointed Agricultural Officer in Baluchistan with effect 
from the 7th August, 1930. 



NEW BOOKS 

Ob Agriculture and Allied Subject* 


1. Principles of Farm Mechanics, by M. A. Sharp and W. M. Sharp, Pp. xx+269. 

(New York: John Wiley and Sons, Inc.; London: Chapman and Hall, 
Ltd.) Price, 15s. net. 

2. Size and Form in Plants : with special reference to the Primary Conducting 

Tracts, by F. 0. Bower Pp. xiv + 232. (London : Macmillan & Co.) Price, 
12s. 6 d. net. 

3. Manual of Bacterial Plant Pathogenes, by Charlotte Elliott. Pp. ix + 349. 

(London : Bailli&e, Tindall & Cox.) Price, 22s. 6 d. net. 

4. Poultry Husbandry, by A. Morley Jull. Pp. ix + 639. (London: McGraw- 

Hill Publishing Co., Ltd.) Price, 20s. net. 

5. The use of Iodine and its Compounds in Veterinary Practice, by Lieut.-Col. 

H. A. Reid Pp. 88. (London: De Gruchy & Co., Ltd.) Price, 3s. 6d. 

6. Rusticus Loquitur or the Old Light and the New in the Punjab Village, by M. L. 

Darling. Pp. xiv + 400. (Oxford University Press.) Price, 15s. net. 

7. A Handbook for Cane-Sugar Manufacturers and their Chemists, by the late Dr. 

Guilford L. Spencer. Seventh Edition, revised, re-written, and enlarged by 
George P. Meade. Pp. xix + 560. (New York: John Wiley and Sons, Inc.; 
London: Chapman and Hall, Ltd.) Price, 30s. net. 

8. Reports on the Work of Agricultural Research Institutes and on certain other 

Agricultural Investigations in the United Kingdom 1928-29. pp. 248. Issued 
by the Ministry of Agriculture and Fisheries Department of Agriculture for 
Scotland and Ministry of Agriculture for Northern Ireland. (London: His 
Majesty’s Stationery Office.) Price, Is. net. 

9. Report of the Conference on Cotton Growing Problems, 1930. (London: 

Empire Cotton Growing Corporation.) Price, 2s. 6 d. 

10. Index to the Literature of Food Investigation, Vol. 2, No. 1, March 1930, 

compiled by Agnes E. Glennie. Pp. iv + 108. Issued by the Department of 
Scientific and Industrial Research. (London: His Majesty’s Stationery 
Office.) Price, 2s. net. 

11. Report of the Third Imperial Entomological Conference, 17-27th June 1930. 

Pp. 59. (London; Imperial Institute of Entomology.) Price, 2s. net. 
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The following publications have been issued by the Imperial Department of 
Agriculture since our last issue :— 


Memoir . 

1. The Inheritance of characters in Rice, Part 111, by K. Ramiah, L.Ag., M.Sc., 
Dip. Agri. (Botanical Series, Vol. XVIII, No. 7.) Price, As. 14 or Is. 6i. 

Catalogue of Indian Insects . 

2. Gyrinoidea, by Georg Ochs (Part 19). Price, As. 12 or Is. 3 d. 



APPENDIX. 


INSTRUCTIONS TO AUTHORS OF PUBLICATIONS OF THE IMPERIAL 
COUNCIL OF AGRICULTURAL RESEARCH. 

1. All manuscripts should be clean, clear and carefully revised. Only one side 
of the paper should be used, and as far as practicable the original type-written copy 
and not a carbon copy should be sent. Capitals should be sparingly used, and all 
the necessary punctuation should be done in the MS. and not left for introduction 
in proofs. 

2. The title of a paper should not be lengthy. 

3. It is desirable that the MS. should have suitable heads and sub-heads. In 
numbering the principal divisions of a paper roman numerals should be used. The 
use of arabic figures and (a), (6), (c), etc., is generally reserved for numbering the 
sub-divisions coming under each head. 

4. Articles submitted for publication either in the “ Indian Journal of Agricul¬ 
tural Science ” or in the “ Indian Journal of Veterinary Science and Animal Hus¬ 
bandry ” should be accompanied by abstracts for publication in “ Agriculture 
and Live-stock in India.” Abstracts should be concise, but should be long enough 
to explain the matter dealt with ; ordinarily no abstract should exceed 200 words. 

5. When a word or line is intended to be printed in italics it should be under¬ 

lined with a single line, in sm. cap. with two lines, in CAPITALS with three lines 
and when in antique (heavy type) with a wavy line ( ). 

6. In descriptive matter, numbers under 100 and all numbers occurring at the 
beginning of a sentence should be in words. 

7. Local names for crops, technical operations, etc., should be defined where they 
first occur in the text, e.grabi (spring crop). The use of local weights and measures 
should be avoided as far as possible. Vernacular names, such as jrnvar, bajri, should 
be in italics without a capital letter, and each such name where it first occurs should 
be followed by its scientific equivalent in brackets, e.g.,jowar (Andropogon Sorghum). 
It is usual to write the initial letters of varietal names in capitals, e.g., Striped 
Mauritius, Dharwar-American cotton and Broach cotton. 

8. Botanical and zoological names are printed in italics and should be under¬ 
lined in the MS., e.g., Triticum vulgare L., Diplodia Corchori Syd., Pyrilla aberram , 
Kirby. The International rules of Botanical nomenclature and the International 
rules of Zoological nomenclature should be followed. The names of chemical subs¬ 
tances should not be written with a capital letter ; they are printed in roman type 
(e.g., calcium carbonate, prussic acid). 

105 

K 



106 


AGRICULTURE ANT) LIVE-STOCK IN INDIA 


[I, «. 


9. The following and similar abbreviations may be used freely:— viz., e.g., i.e., 
mm. (millimetre), cm. (centimetre), grm. (gramme), mg. (milligramme), o. c. (cubic 
centimetre), sp. gr. (specific gravity), lb. (pound), cwt. (hundredweight), in. (inch), 
ft. (foot), oz. (ounce), md. (maund), sr. (seer), ch. (chattack). Other abbreviations 
should be used sparingly, if at all. 

10. References to plates should be given within brackets, without prefixing the 
word “ see ” or “cf.”, in the MS. itself, and should not be left over for introduction 
in proofs. For example, “ The parasite (PI. X, fig. 4) was present late in 1906.” 

11. The word “Table” is preferable to “Statement,” and tables should be 
numbered consecutively in roman figures. Each table should have an explanation 
as a sub-head. It is more convenient for reference if tables can be printed horizont¬ 
ally ; for this purpose they should not exceed in width the printing measure of 
the page (5*). Example — 


Table IV. 


Results of water-saving experiments on wheat (Pusa 12) at Gvngapur, Haripur and 

Sargodha, 1916-17. 


Station 

No. of irriga¬ 
tions includ¬ 
ing the preli¬ 
minary water¬ 
ing 

Yield per acre in maunds 

AND SEERS 

Average yield per acre 

Grain 

Straw 

Grain 

Straw 



mds. 

srs. 

mds. 

srs. 


mds. 

srs. 

• 

mds. srs 

Gungapur . 

One 

12 

19 J 

20 

10 


1 



Haripur 

M 

8 

31 

19 

14 

1 

1 


34 

21 17 

Sargodha . 


8 

12J 

2 5 

27 i 

J 





12. References to literature, arranged alphabetically according to authors’ names, 
should be placed at the end of the article, the various references to each author being 
arranged chronologically. Each reference should contain the name of the author, 
the year of publication, the abbreviated title of the publication, volume and page. 
In the text the reference should be indicated by the author’s name followed by the 
year of publication enclosed in brackets; when the author’s name occurs in the 
text, the year of publication only need be given in brackets. If reference is made 
to several articles published by one author in a single year, these should be numbered 
in sequence and the number quoted after the year both in the text and in the collected 
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■references. This system of referencing is used in the “ Biochemical Journal ” and 
will be clear from the following illustration:— 

The work of Osborne and Mendel [1919, 1, 2] and Steenbock and Boutwoll [1919] had indicated 
an association of the fat-soluble vitamin with the green parts of plants. This view was examined by 
Coward and Drummond [1921], who reported that vitamin A was not synthesised by etiolated shoots 
but that green leaves were active in its formation. Another worker [Wilson, 1922], on the other hand, 
found that etiolated shoots if given in sufficient quantity could supply the fat-soluble vitamin and that 
this factor was therefore formed in the absence of light. 


REFERENCES. 

Coward and Drummond (1921). Biochem. J. 15, 530. 

Osborne and Mendel (1919, 1). J. Biol. Chem. 37, 187. 

—-(1919, 2). J. Biol. Chem. 41, 549. 

Hteenbock and Boutwell (1919). J. Biol . Chem. 41, 149. 

Wilson (1922). J. Biol . Chem. 51, 465. 

Abbreviations, as far as possible, should follow the system adopted in “ A World 
List of Scientific Periodicals ” published by the Oxford University Press. 

13. Papers should be complete when submitted for publication. As alterations 
and additions at the proof stage cause both additional expense and delay, they should 
be resorted to as little as possible. In making corrections in proofs the recognized 
symbols which will be found in the " Standard Dictionary ” should be used. 
Second (page) proofs will be submitted to authors who should return them 
promptly. 


Illustrations. 

14. As the formal of the journals has been standardized, the size adopted being 
crown quarto (about 7|"x9|" cut), no text-figure, when printed, should exceed 
4£x5 inches. Figures for plates should be so planned as to fill a crown quarto 
plate—the maximum space available for figures being 5^x8 inches exclusive of 
that for letterpress printing. 

15. Photos or drawings for illustration should accompany the manuscript and 
each should bear on the reverse side the name of the paper to which it relates together 
with the title or legend, figure or plate number, and the size to be reproduced. When 
giving instructions for reduction linear measurements are understood ; thus, “ half¬ 
size ” means reduce to half the length and breadth, not half the area. A photo¬ 
graph should not be rolled up, nor pinned, and should always be packed flat. A 
complete list of plates and figures should always accompany the paper. 

16. Line drawings should be made with clear black lines on smooth white paper, 
preferably Bristol board. Rough paper should be avoided. CaTe should be taken 
that all the lines are drawn firmly; scratchy or grey lines, produced by the ink 
being thinned down, are not permissible. Drawings should be larger than the 
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required size. All lettering should be neatly and clearly put in, care being taken 
to make all lettering sufficiently large to stand reduction. 

17. For half-tone work, copy should be made on glossy silver paper and of the 
same size or larger than the size required. 

18. For three-colour work, copy may be oil painting, water-colour, coloured 
photograph or coloured transparency, and larger than the size required. In pre¬ 
paring copy, one should use only the primary colours, in any combination, as only 
inks of primary colours are used in printing. Originals can be enlarged, if neces¬ 
sary, but this should be avoided if possible. 

19. For detailed instructions regarding preparation of illustrations, it would 
be of advantage to refer to Mr. C. M. Hutchinson’s article on “ Photographic Illus¬ 
trations ” in the Agricultural Journal of India, Vol. XI, Pt. 3, July 1916, and Mr. 
A. W. Slater’s paper on “ The Preparation and Reproduction of Scientific Illustra¬ 
tions ” in the Proceedings of the Third Entomological Meeting, 1919, which has been 
reprinted as Bulletin No. 114 of the Agricultural Research Institute, Pusa. 


MGIPC—SI—HM-62—12-2-31—2,000. 



ORIGINAL ARTICLES 


INTERNATIONAL AND IMPERIAL CO-OPERATION IN REGARD 
TO AGRICULTURAL STATISTICS AND THE COMPILATION 
AND DISSEMINATION OF SCIENTIFIC AND 
TECHNICAL INFORMATION.* 

BY 

DEWAN BAHADUR SIR T, VIJAYARAGHAVACHARYA, K.B.E., 

Vice-Chairman , Imperial Council of Agricultural Research. 

It is at once a pleasure and a privilege to welcome you to the Agricultural 
Section at the 18th annual meeting of the Indian Science Congress. I propose 
to depart somewhat from precedent, for, instead of choosing for my address a 
subject connected with som3 special branch of agricultural science, I have selected 
one of a somewhat more general nature which, however, is closely concerned 
with the successful application of science to the improvement of agricultural 
practice. Agricultural statistics form the basis of studies in the economics of agri¬ 
culture, whilst the rapid dissemination of scientific, technical and statistical in¬ 
formation is becoming more and more important in these days of specialisation. 
The recent depression in agriculture due to the fail in prices of agricultural 
produce clearly brings out two points which boar on the subject of my address* 
Never was there a greater need for improvement in the efficiency ox agricultural 
production than at present, since low prices can only be permanently combated 
by this means. In promoting such an increase in efficiency the rapid dissemina¬ 
tion of scientific and technical information is an important factor. The present 
world crisis in agriculture lias also brought out clearly the interdependence of 
different countries on each other and the need for much more accurate statistics 
of the production and consumption of agricultural commodities than exist at pre* 
sent. The pro lem is largely an international one and I have recently had an 
opportunity of visiting the International Institute of Agriculture and of represent¬ 
ing India at the biennial meeting of its General Assembly, where these problem", 
were discussed from the international aspect. 

As most of you are aware, the International Institute of Agriculture was 
founded 25 years ago largely through the energy and foresight of an American 
citizen, David Lubin, whose eloquence secured the assistance of His Majesty the 

•Presidential Address to the Agricultural Section, Indian Science 0 >ngres*, Nagpur, January 1931. 
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King of Italy and the foundation of the Institute at Rome. The Institute is 
supported by subscriptions from mo3t of the Governments of the world, and India 
has been a contributing country since the inoeption of the Institute. From an 
early stage in its history, the Institute devoted special attention to international 
agricultural statistics and for many years published an invaluable international 
yearbook of agricultural statistics and a monthly statistical bulletin. In these 
publications the Institute’s statisticians summarise the world position in regard to 
the production and consumption of the more important agricultural commodities so 
far as such information can be obtained. There are many gaps in our knowledge of 
these matters; the extent to which different countries maintain statistics of agricul¬ 
tural production varies greatly and the systems on which they are maintained vary 
almost aa much, so that the collating of international figures is a task of no small 
difficulty. The International Institute has recently succeeded in organising a special 
census of agricultural production which has been carried out throughout the world 
the results of which are now being compiled. The Institute will now work up the 
relative economic data which the survey has made available and see what general 
deductions are possible which will be a guide to agricultural problems in the future. 
The discussions at the recent meeting of the Assembly show that all countries 
attach great importance to more thorough studies of the production and consump¬ 
tion of agricultural commodities and the trend of future changes. Only as our 
knowledge of these matters increases, can we hope to so regulate policy that sudden 
changes as these, which have lately disturbed the world, can be avoided. 

At the recent General Assembly at Rome, while universal appreciation was 
expressed of the valuable statistical work conducted by the Institute, in some im¬ 
portant quarters doubts were thrown on the suitability of its machinery for dis¬ 
semination and interchange of scientific information relating to the different 
branches of agriculture. There is no single science of agriculture; on the contrary, 
the application of scientific methods to the solution of agricultural problems makes 
demands practically on all branches of science. But if agriculture makes demands 
on all branches of science, it also has to be recognised that many of the problems 
involved lie on the border-line of those sciences, and, in these days of specialisa¬ 
tion in scientific research, it is beooming more and more difficult for the «"ift ntific 
investigator to keep in touch with progress even in his own and allied subjects. 
The investigator of agricultural problems feels difficulty the more acutely because 
the ground to be covered, if he attempts to read all the available literature, is so 
wide, both because of the number of sciences involved and because his problems 
axe nearly always border-line problems. New advances in pure science are con¬ 
stantly making possible new methods of approaoh and entirely new teohnique in 
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applied soience; and the agricultural investigator needs to be kept in touch with 
such developments. At the Imperial Agricultural Conference of 1927, the need of 
agricultural investigators throughout the Empire for the systematic supply of 
scientific information bearing on the work was strongly emphasised. As a result, a 
scheme of Imperial Agricultural Bureaux was drawn up and arrangements made 
for it to be financed partly by the British Government and partly by each 
of the countries of tho Empire. Eight Bureaux are now in working order 
and are controlled by an executive committee on which each country is 
represented. In order that research workers abroad might obtain 
the utmost possible assistance and that research institutions in England might 
be brought into touch with the needs of other portions of the Empire, each Bureau 
was looated at a centre of research in the speoial subject dealt with. Thus the 
Imperial Bureau of Soil Science has been placed at the famous Rothamsted Ex¬ 
periment Station. The Imperial Bureau of Plant Genetics (for crops other than 
herbage) has been placed at Cambridge and associated with the School of Agri¬ 
culture, whilst the Imperial Bureau of Plant Genetics for herbage plants has been 
placed at Aberystwyth where so much valuable work on fodder crops and grasses 
has already been conducted. The Imperial Bureau of Fruit Production is situated 
at the East Mailing Fruit Research Institute in Kent. The Imperial Bureau of 
Animal Nutrition is located at the well-known Rowett Institute at Aberdeen, 
that of Animal Health at the Veterinary Laboratory, Weybridge, that of Animal 
Genetics in the University of Edinburgh, whilst the Imperial Bureau of Agricul¬ 
tural Parasitology has found a home at St. Albans. It will be observed that these 
Bureaux together with the older institutions—the Imperial Bureau of Mycology 
at Kew and the Imperial Bureau of Entomology, now the Imperial Institute of 
Entomology—cover most branches of agricultural science. Their functions are to 
collect, collate, abstract and distribute to all research workers desiring such assis¬ 
tance, the results of recent research in the subject with which the Bureau deals. 
Already several valuable bibliographies and summaries of current research in 
several subjects have recently been issued. The work is essentially co-operative. 
Only in so far as other countries in the Empire provide the Bureaux with copies 
of published papers and other information, can the Bureaux maintain the supply 
of information to workers in other parts of the Empire. In each country there 
is an official correspondent for each Bureau. For India the official correspondents 
are the two Export Advisers to the Imperial Council of Agricultural Research. 
I would take this opportunity of asking all research workers in agriculture and 
the allied sciences to assist the Research Council in supplying the Bureaux with 
complete sets of Indian publications. The Bureaux have a still more important, 
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if less definite, function than the publication of bibliographies and abstracts, vtz., 
to assist individual research workers to obtain information as to how matters 
stand in any particular branch of investigation and to put them in touch with 
specialists in other countries. The Bureaux have skilled translators and are thus 
able to make available papers which are not easily accessible. One Bureau—the 
Imperial Bureau of Plant Genetics, Herbage Plants—in particular has established 
a small loan library of translated papers which can be lent to other research 
workers in need of such assistance. Though official correspondents have been 
appointed, it is the essence of the scheme that individual research workers should 
correspond freely with the Bureaux on matteis of scientific interest. I have 
recently had the privilege of visiting all these Bureaux except that at Aberyst¬ 
wyth and am fully satisfied both that India can make and is making a substantial 
contribution to the advancement of agricultural science and that all parts of the 
Empire stand to gain by the pooling of knowledge now rendered possible. The 
funds for the maintenance of these Bureaux are supplied mainly by the ritish 
Government, the contributions from the Dominions including India being small 
in proportion, while on the Executive Council, which is the governing body of the 
bureaux, the Dominions have an equal voice with Great Britain. Coming nearer 
home, the Imperial Council of 4gricultural Research has recently decided to es¬ 
tablish a Bureau of Agricultural Information for India. Not only will this pro¬ 
vide a liaison with the Imperial Bureaux already mentioned, but it is hoped that 
it will also assist research workers in India in the various branches of agriculture 
to keep in touch with each other and with work in progress iu other parts of the 
country. The Imperial Council of Agricultural Research is charged both with 
the promotion of research and the dissemination of information ; it is hoped that 
its latest venture will be successful in the latter direction. 



REVIEW OF SOME BREEDING EXPERIMENTS CARRIED OUT 
AT THE U. P. POULTRY ASSOCIATION'S DEMONSTRATION 

FARM, LUCKNOW. 

BY 

Mbs. A. K. FAWKES, 

Secretary , United Provinces Poultry Association . 

The primary need lor an egg-producing breed of fowl that will be more immune 
to the Indian climate and conditions than imported poultry are, has led the Associa* 
tion to conduct experiments to endeavour to discover such a breed. 

After following up some experiments in crossing Chittagong hens with Rhode 
Island Red males, the experiment was relinquished owing to two drawbacks—(1) 
the prevalence of broodiness in the progeny, (2) the pugilistic tendencies of the 
progeny who from chickenhood iought so constantly that the area of land re* 
quired for reaiing them satisfactorily was not available. Otherwise the progeny 
were fine birds and fair layers. 

A further experiment has been made in crossing local hens with high-produc¬ 
ing Leghorn males ; these experiments are still going on, but they do not seem to 
indicate any remarkable improvement in the egg yield of the progeny. Individual 
high records have been obtained but flock averages do not tend to indicate that 
Indian village hens mated to pure bred males will produce a definite increase in egg 
yield, the dominant zero breeding factor of the Indian hen nullifying the attain* 
ment of better flock production in the progeny. In all other respects the improve¬ 
ment is marked. 

We realized that to obtain satisfactory results ue must look for an indigenous 
breed of which the females were already good layers. We happened to come in 
touch with a breed of bens in Western India commonly known as Bussoran or Busra 
fowls. These birds are fairly common around Bombay and are imported evidently 
from the Persian Gulf. 

In 1926, we purchased four hens of this breed from Bombay, and trapnested 
them, and on p. 115 is appended a record for four years of their winter laying. 

One hen met with an accident and had to be destroyed in 1928; the other three 
hens (now 5 and 6 years old) are still with us and laying 30 eggs or so during the 
winter months. 
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The BuBra hen ifl a bird typically built for egg production. A deep bodied 
bird, light in feather, alert, and though smaller than a Leghorn in appearance, 
weighs 4$ lbs, as a pullet. The breed is distinguishable by its semi-buttercup comb, 
grey legs, and a tuft of feathers on the head. The colour varies, and requires 
stabilising, but the *min characteristics of type are apparent in all colours. The 
egg is a large white egg, in many cases reaching the two ozs. standard. Broodiness 
is not so troublesome as in country hens. The broody period is easily broken, 
and within a few days the hen returns to lay. 

This breed therefore seemed to us worth cultivation. We therefore trapnested 
the original Busra hens, and the record is given in Table I. 

The following year we experimented in crossing these pure Busra hens with a 
White Leghorn male. 

The eggs hatched well under aitifical methods, and the chicken were reared 
most easily, showing rapid growth, little or no mortality, and showed immunity to 
hot season conditions. We therefore selected a group of pullets and trapnested 
them during the winter season (the period recognised by poultry breeders as 
determining the future laying powers of pullets), and the results of our first cross 
experiments carried out in three successive winters are given in Table II. 

The results were most satisfactory, especially as regards broodiness. This 
factor was practically eliminated by the introduction of the non-broody White 
Leghorn strain. 

Egg production and the size of the egg were remarkable. 

In 1928-29, we further experimented with crossing our half Busra xLeghom 
pullets back to a pure White Leghorn male. We append the egg records (Table III) 
which, though still good, were not quite so high as in the first cross, but part of the 
results were lost by distributing the stock to a village where no records could be 
kept. 

The appearance of this cross closely resembled the White Leghorn parent. 

The experiment waB continued in 1929-30, and a third cross was made 
between the | Busts X Leghorn pullets and a pure White Leghorn male, of which the 
record is given in Table IV. At the same time we continued to keep the Busra 
strain intact. In order to do this we imported a Busra or Bussorah cock from 
the Persian Gulf and mated him to our original hens. 

We have carefully recorded results, and the progeny are fine birds, but show 
an increase of broodiness in the progeny, due doubtless to the influence of the pure 
Busra male of whose parentage we had no record. 
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Seven of the pullets of this mating were sent in r 1929 to the National Laying 
Test, Milford, England, where they are now in competition with some three to 
four thousand pure pedigreed birds from all countries. 

The results of their laying for 48 weeks are given in Table V. Breeders in the 
West have been immensely interested in their performance and in their wonderful 
vitality and stamina. In spite of snow and rain not one bird has been sick or sorry. 

Their ourious propensity to go broody at intervals for a few days only and 
then return to lay has been the factor that has marred their otherwise fine per¬ 
formance. This propensity is only a matter of experiment to breed out. The 
interesting fact is that this untried unpedigreed breed from India has put up in 
Europe a very fine record, especially hens numbered 457 and 461. The former, 
by one egg only, failed to get the copper ring award, the hall-mark of a recognised 
high producer. 

In the field, that is to say in our distribution of eggs and birds to United Pro¬ 
vinces villages, the Busra X Leghorn cross has given satisfaction, and we are getting 
a great demand for all the stock that wo can produce. 

We hope to continue to breed these birds and would recommend all poultry 
breeding centres to indent on us for eggs and so procure a large supply of these 
fowls making them available to the smaller poultry breeders throughout India. 

Concerted action ought to be taken to raise large supplies of such a useful 
variety. 

Table I. 

Four years’ winter egg record of pure Busra hens on Lucknow Farm. 


— 

Nov. 



Feb. 

Total 

Average 
per hen 

Remarks 

1926*27—4 hens in pen. 

Total monthly . 

1927*28—4 hers in pen. 

Total monthly • 

1928*29— -5 htne in pen. 

Total monthly . 

1929*30—8 hens in pen. 

Total monthly • • 

■ 

60 

89 

80 

229 

67*1 

% 

One hen accident¬ 
ally killed during 
1928. 

27 

61 

■ 

76 

223 

55*3 

52 

33 

1 

24 

163 j 

641 

0 

24 

16 

44 

98 

1 

322 


Han* are now 5 Tears old and still laying. 
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Table II. 

Three yean’winter egg record of First Cross (Basra x White Leghorn Cock) (i.e., 

four month winter trapnest record.) 


— 

Nov. 

Deo. 



Total 

Average 
per hen 


1927-28—7 hens in pen. 

Total monthly 

85 

151 

156 

137 

529 

75*4 


1928-29—9 hens ih pen. 

Total monthly 

151 

136 

146 

! 

141 

574 

63*7 


1929-30—8 hens in pen 
(1 death,) 

Total monthly 

00 

126 

130 

120 

436 

544 



One year egg-laying record of Basra X White Leghorn First Cross at the United 
Provinces Poultry Association Egg-Laying Test, i.e., from 1st November 1927 
to 30th September 1928,12 lunar month. 


Hen. 

Beg. 

No. 

Nov. 

Dec. 

Jan. 

Feb. 

Mai* 

Apr. 

May 

J ime 

July 

Aug. 

Sep. 

Gre 

1st 

ide 

2nd 

Total 

44 

6 

17 

24 

22 

21 

14 

a 

12 

S 

11 

9 

45 

105 

150 

45 

9 

■ 

24 

9 

22 

25 

12 

3 

13 

17 

3 

9 

47* 

115 

162 

16 

17 

25 


20 

lb 

17 

1 

6 

6 

13 

13 

5 

39, 

124 

163 

47 

14 

25 


21 

22 

16 

10 

12 

18 

8 

14 

64 

119 

183 

48 

19 

23 

23 

20 

21 

19 

5 

13 

17 

13 

! 

7 

55 

125 

180 

49 

6 

17 

17 

15 

! 17 

9 

6 

5 

16 

6 

5 

35 

84 

119 

50 

U 

20 

21 

i 

18 

22 

11 

9 

9 

10 

5 

... 

28 

111 

139 
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Table HI. 


Two year*' winter record of the 'progeny of Second Crow (Basra hens x While Leghorn 

malexWhite Leghorn male). 


— 

Nov. 

Dec. 

Total 

i 

«... _ 

Average per 
bird 

Remarks 

1928-29—14 hens in pm. 

Total monthly 

227 

252 

i 

479 

/ 

For 2 months 

343 

Therefore for 4 
months. 

08*8 

Those hens were sent 
to a village and 
their reoorda lost to 
the farm. 


-- 

Nov. 

Dec. 

Jan. 



Average 
per hen 

Remark# 

1929-30-~r) hens in p*n. 

Total monthly 

05 

, 

78 

i 

C5 

283 

56*3 



Table TV. 

Four months' winter egg record of the progeny of Third Cross (Busra x White Leghorn 
X White Leghorn xWhite Leghorn male). * 


— 

Nov. 

Dec 

Jan. 

Feb. 

i 

Total 

Average 
per ben 

Remarks 

li 29-BO—8 hens in pen. 

Total monthly . 

89 

m 

160 

151 

552 

69 
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Table V. 

Results of seven Busra hens sent to the National Egg-Laying Test, England. (The test 
record for 336 days of 12 lunar months, i.e. 3 48 weeks.) 


Reg. No. of hen 

Total eggs laid 

1st grade 

2nd grade 

450 

148 

77 

66 

457 

173 

124 

49 

458 

157 

34 

123 

459 

78 

1 

77 

400 

141 

104 

37 

461 

170 

170 

9 

462 

169 

97 

72 

Total 

1,040 










A NOTE ON SOILS REGARDING THEIR SUITABILITY FOR 
MAKING IRRIGATION ENGINEERING WORKS EXPOSED 

TO WATER. 

BY 

J. CHARLTON, M.Sc., F.I.O., I.A.S., 

Agricultural Chemist , Burma. 

Introductory. 

Early in 1930 an investigation of soils regarding their suitability for making 
bunds, liability to ravining or otherwise, etc., was undertaken at the request of the 
Superintending Engineer, Southern Irrigation Circle, Burma. In actual practice it 
has been found that soils called hyatti (sticky) by Burmese cultivators are very 
liable to give bunds in which holes or caverns appear and/or which ravine badly 
under rainfall. Many such hyatti soils can be picked out with fair certainty by 
appearance but opinions sometimes differ, more especially as hyatti soils, although 
usually yellow-brown in colour, exist as white and red soils also. The problem was 
to find a quick, simple and reliable test to pick out such soils with certainty and, if 
possible, to place them in a rough order of merit. 

Experimental. 

The first test was carried out on a soil from Myittha (Laboratory No. B 79). 
This was described as a hyatti soil by the Public Works Department officer who 
supplied it. Chemical and mechanical analyses were carried out without bringing 
anything useful to light. A selection of the data obtained is given in Tables I and 

n. 

Table I. 

Mechanical analysis of Kyatti-mye (i.e., sticky soil). 


Ooaisesand (2*0 mm.—0*2 mm*) 

Per oent. 
1*73 

Fine sand (0*2 mm.—0*02 mm.) 

. 22*49 

Silt (0*02 mm.—0*002 mm.) .... 

29*60 

Clay (< 0*002 mm.). 

39*63 

Moisture . 

4*69 

OaCO, . 

0*69 

Difference. 

1*33 


100*00 


The above data are on the Atterberg scale with a settling velocity far clay 
—10'0 cm. ip 8 hours at 20° 0. There is nothing at all special in this mechanical 
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analysis, the soil apparently being a quite ordinary stiff calcareous clay, very 
similar indeed to the Mandalay farm surface soil which is not a Tcyatti soil. 

Table II. 

Chemical and physical data — Kyatti-mye. 


Per cent 

1. Loat on ignition.3*87 

2. Organio carbon.017 

3. pH.8*05 

4. Water-soluble salts.practioally nil. 

5. Total per ornt H f 0 at sticky point.32 44 

(Cf. Mandalay Farm surface soil. 30*00) 

0. Tensile strength at sticky point.2*93 lbs. per Q* 

(Cf. Mandalay farm surface soil.147 „ „ □') 


The Mandalay farm soil contains 40 per cent, clay and is slightly calcareous, 
containing about 1 per cent. CaC0 3 . Hence this sample from Myittha appeared to be 
quite as normal as the Mandalay farm soil which is certainly not a kyalti soil in the 
surface layer. 

It was thereupon decided to pursue further the question of the tensile strength 
of clay/water pastes at the sticky point. A selection of soils both calcareous and 
non-calcareous and containing from 10-60 per cent, clay was made, the tensile 
strength of each being determined. At least six determinations of each were made. 
The results are given in Table III. 


Table III. 

Tensile strength of clay/water pastes at the sticky point. 
A.—Calcareous soils—Mandalay Area. 


No. 

Clay 
per oent. 

H 

Tensile strength (lbs fer □*) 

Minimum 

Maximum 

Mean 

M 28. 

m 

1*04 

0*42 

0*67 

0 54 (6) 

M17. 

19*3 

5*29 

0*47 

0*55 

0*50 (6) 

M27. 

31*4 

34 

0*57 

0*96 

081(6) 

Central farm 

40*0 

0*40 

1*41 

1*74 

1*47 (6) 

M10 , 

57-4 

2*36 

0*83 

2*36 

1-57(10) 
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B.—Non-caloareous soils—Pegu District. 


No. 

Clay 
per cent. 

1 

C0 a (in car¬ 
bonate form) 
per cent. 

Tensile strength (lbs. 

□ ') 

Minimum 

Maximum 

Mean 

4 


• 



9*6 

.. 

0*47 

0 08 

069 (6) 

3A 

. 


• 

• 

20*4 

• • 

0 91 

1*22 

1*06 (6) 

12A . 

• 

• 

• 

• 

30 3 

• • 

178 

2-56 

2-22 (6) 

23A . 

• 

• 

• 

• 

41*6 

•• 

2*18 

2*64 

2 46 (7) 


[The number of determinations made on each soil is shown in brackets.] 

The results were very variable, time being an important factor. Also the more 
certain samples were worked by the hand, the higher the tensile strength obtained. 
In general, however, it appears clear that the presence of carbonates lowers the 
tensile strength of clay/water pastes at the sticky point. 

It should, of course, be remembered that it is by no means an easy matter to 
measure the tensile strength of a cLy paste with anything like accuracy. In 
general the most striking feature of clays is their plasticity and no single determi¬ 
nation measures the plasticity. Usually the estimation made measures two or 
three properties to varying extents, e.g.. cohesion, tensile strength, deformability, 
etc. The above determinations suffer from this disability and are merely the 
practical results obtained in measuring ttie strength of a cylinder of one square 
inch cross section. 

Since the vast majority of soils in the dry zone are calcareous, it is obvious 
that determinations of tensile strength would be of very little help even if only 
because of the varying results obtained with any given soil. 

Fortunately at this time a further selection of kyatti soils came into my posses¬ 
sion, and it became obvious that sample No. B79 was not a true kyaJti soil at all, 
or at least it was only moderately bad. In Table II it will be seen that the organic 
carbon was decidedly low, and the loss on ignition is likewise low for such a heavy 
soil. The sample is, therefore, probably from a considerable depth below the 
surface, but since, as was subsequently found, kyuth soils are a result of the action 
of soil alkali, the pH being 8 05 only, it was concluded that this soil is a normal soil 
and is incorreotly described as a kyaiti soil. 


o 
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Kyatti and its cause. 

As a result of the examination of samples B84—B109 it was found that the 
majority of samples described as kyatti soils were strongly alkaline having 
pH >8*4 and frequently >9 - 75, although this was not quite without exception. 

Determinations of certain chemical and physical data given in Table IV were 
carried out. There was no time to make proper estimations of the replaceable 
bases in each of the soils, and for convenience the whole of the carbonates was 
estimated and reckoned as replaceable bases merely by repeated extraction 
witi) dilute acid (M/20 HC1) and estimating the loss of acidity produced, 
the calcium in the filtrate being estimated. It was found that kyatti soils 
were generally highly calcareous, but, on the other band, certain quite good soils 
were also highly calcareous, containing as much as 150 MEs of CaC0 3 and nearly 
50 MEs of other bases. 

Finally it was found that, by shaking the kyatti soils with either distilled or 
irrigation water (but not drainage water) in the ratio of one of soil to ten of water 
by weight, or one of soil to fifteen of water by volume, for a period of one hour, the 
kyatti soils were dispersed by the alkali they contained and gave relatively 
stable suspensions. A period of shaking for one hour only sufficed, after which 
average samples were quickly poured off into test tubes graduated at a depth of 
4", i.e., the approximate depth to which clay should settle in eight hours. A slight 
variation of the test is obtained by adding phenolphthalein in neutralized concen¬ 
trated alcohol to the tubes. In practice a volume of 1 per cent, phenolphthalein 
equal to half the volume of soil suspension was used. This settled overnight to 
about the same degree as the soil/water suspensions and, in addition, the alkalinity 
was clearly demonstrated by the pink or red colour developed, the intensity being 
roughly proportional to the amount of alkali present in the soil. From the results 
in Table IV it is clear that a good soil free from kyatti will give a depth of settled 
soil in the test tubes of less than l". and no colour or only very faint traces of pink 
will be developed by the phenolphthalein tubes. Betwoen 0*5* and O'76" depth of 
soil in the test tubes indicates soils which are potentially dangerous, the intensity of 
the pink colour developed deciding for or against them. If the depth of soil 
exceeds 0*75", the soil is definitely a bad sample of kyatti and should be avoided 
if possible. 

The two tests (a) with water only and (b) in presence of phenolphthalein 
solution are merely complementary and after practice in the field it is likely that 
only one need be used. The depths of soil setting to the bottom of the test tubes 
are roughly identical after a sufficient interval, e.g., overnight, in spite of the 
increased viscosity of the alcohol-water solution compared with that of water. 
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In the tests quoted, the engineering opinion of the soils i8 given hut it should 
be pointed out that soils B100—B104 have been judged by inspection only and have 
not been tested as yet by use for ordinary irrigation purposes. Actually the 
engineering opinion agrees absolutely with chemical tests on B100—B104. 

Although in the cases of B79, B94, B97 (doubtful), B106, B108 and B109, the 
engineering opinion does not coincide with the results of tests recommended, it is con¬ 
sidered more than likely that these soils are more easily wrongly described from the 
engineering point of view than from the chemist’s point of view, simply because until 
engineering trouble has actually occurred and been noticed, the soil must be given 
the benefit of the doubt. It has already been explained that B79 is probably 
a good eoil. B91 has been exposed to running water for five or six years and hence 
is presumably a satisfactory soil in spite of the adverse test. It is therefore possible 
that the sample obtained is not truly representative of the soil sampled or that the 
test is not adequate. The importance of accurate sampling can scarcely be over¬ 
estimated, espec-ally with the different results obtained with different horizons. The 
preliminary standards fixed for good, medium and bad soils may also require 
considerable modification in the light of further experience. For instance, the fact 
that B97 slips under rain may indicate that a limit of 0‘5" depth of soil in test 
tubes is excessive for a really good soil. It will further be noticed that several Boils 
settle down to only about 0*25*. Further tests of soils B106, B108 and most 
particularly B109 which have not yet been exposed to running water will probably 
show only too clearly that these are unsafe to use. 

A general phenomenon noticed is that even where good surface soil free from 
kyatti occurs in the dry zone, sampling to lower depths frequently indicates the 
presence of kyatti soil. This is noticed particularly on the Mandalay College fprm 
where, below a depth of one foot, the presence of kyatti becomes more and more 
marked, being very marked indeed at 5'—6' and down to 12', the maximum depth 
sampled. It should be remembered that the presence of a zone of alkaline or neutral 
salts at a certain depth below the surface is to be expected in soils developed under 
conditions of medium or insufficient moisture conditions such as those in the dry 
zone of Burma. The presence of these alkaline or neutral saltB in the absence of the 
protective action of organic matter (which is only adequate in the surface layers 
of soil) is enough to peptise the clay, giving a dispersed colloid. A perfectly good 
sample of soil free from kyatti may be very rapidly converted to bad kyatti by 
treatment with neutral salts such as KC1 and more particularly NaCl. The fact that 
organic matter is lost under such conditions makes matters worse by removing the 
protective colloid ( organic matter) which ordinarily prevents formation of kyatti. 

It was not intended to publish any details of the field test described for 
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examining soils unfit to be used for bunding purposes until some experience bad 
been gained in tbe hands of the Irrigation Department subordinate staff, but 
shortly after the method had been elaborated and successfully demonstrated, the 
publication of a series of papers on soil colloids by A. N. Puri [1930] appeared and 
some of these have a bearing on the same subject. The test described by Puri for 
soils rich in exchangeable sodium whereby a pellet of soil is worked up with water, 
dried and thea dropped into water, soils rich in exchangeable sodium producing a 
turbid ring after a short interval, was arrived at quite independently, and this test 
was only discarded in favour of the one described because the latter was easier to 
follow on a more or less quantitative basis. 

It will be realized that no ameliorative measures are proposed since in general 
it is better to alter the alignment of a canal than to attempt to rid the soil of 
alkali, a process involving considerable time, trouble and expense. 

REFERENCE. 

Puri (1930). Mem . Dept. Agric. India Chem . Scr. 11,39-51. 
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COIMBATORE SEEDLING CANES. 

(Co. 281 and Co. 298 Described and Illustrated.) 


BY 

RAO BAHADUR T. S. VENKATRAMAN, B. A., 

AND 

R. THOMAS. 

The Imperial Svgarcane Breeding Station, Coimbatore. 

I. Introduction. 

In the year 1928 [Venkatraman and Yittal Rao] brief illustrated descriptions 
were published of five of the popular Coimbatore seedlings, viz., of Co.’s 205, 210, 
213, 214 and 223. Since then certain of the later Coimbatore productions have 
been adopted in cultivation in India or elsewhere ; and two of those—Co. 281 and 
Co. 290—are described in this article. It is proposed to describe from time to time 
more of the Coimbatore canes as they are found useful and spread into cultivation. 
As before, the object of the present descriptions is mainly to help their identifica¬ 
tion in the field. 

II. Nature and scope of tue descriptions. 

The present descriptions have been drawn up on the same lines as tho previous 
ones with what are considered certain improvements. Technical words have been 
kept at a minimum to render them useful to a wi ler clas3 of readers. Though 
numerous and careful measurements have been recorded for many quantitative 
characters from various parts of India, those are not given here, as they vary from 
place to place and are therefore not of much use in field identification. 

The coloured plates (Plates VllaudIX) do not represent formalin-preserved 
material as in the previous case, but fresh canes painted on the spot and in the 
locality where the particular cane is at about its best. As is well known, the colour 
of a cane often varies according to the age of the crop and locality. Three pieces 
have been painted of each cane to try and oover such variations. A plate of fine 
drawings (Plates VIII and X) has been included for each seedling to illustrate 
certain of the parts described ; and, where there is variation in a particular 
character, an attempt has been made to illustrate the extreme types. 
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III. Characters Described. 

The scheme of descriptions and characters employed is practically the same 
as before ; and the reader is referred to the previous publication for a detailed 
account of the characters. A few minor characters have been added to the 
morphological descriptions and short notes included on the growth phases of the 
canes at different stages. 

IV. Co. 281 (Plates YII and VIII.) 

(o) Parentage — 

Cheribon Chunnee Ashy Mauritius Saccharum spontaneum 



P. 0. J. 213 Co. 206 



Co.281 


P. 0. J. 213 $xCo. 203 (J.—Unbagged cross. The mother arrow showed only 
one per cent, partially open authors and there was little chance of 
unintended pollen reaching it. The seedling may therefore be assumed 
to be a hybrid between the parents indicated. The male parent, Co. 
206, was one of the few markedly vigorous, distinctly narrow-lealed 
forms in a big lot of the usual broad-leafed seedlings of a cane of the 
‘ noble ’ type called Ashy Mauritius in Madras and is assumed to be 
a natural cross with Saccharum spontaneum. This seedling possesses, 
therefore, the blood of Saccharum ojjicinarum (from Cheribon and Ashy 
Mauritius), Saccharum Barberi (from Chunnee) and possibly of Saccharum 
t spontaneum as well (from Co. 206). 

(b) Habit and general appearance — 

Habit erect. Often a neat mass of practically erect canes with the vinous 
or reddish vinous joints showing through the easily separating leaf- 
sheaths. The lamina soon separates itself from the sheath at junction 
except at the midrib and hangs down, giving a characteristic appearance 
in the field (Plate VIII). Deficiency of soil moisture is quickly indi¬ 
cated in this cane by an inrolling of the leaves. Foliage dark green, 
medium abundant. 

(c) Leaf— 

(1) Lamina — 

(i) Length and width . Long ; of medium width. 

(ii) Curvature, Erect with a short sharp curve near tips. 
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(2) Sheath— 

(i) General. Clasping canes loosely; marked tendency to self-strip. 

Often with a broad scarious border in adult leaves. 

(ii) Spines. Absent. 

(iii) Ligular process. Absent or scarious indication on one side. 

(iv) Ligule. Of medium width, slightly depressed above and distinctly 

depressed below (sharply or broadly). 

(d) Cane — 

(11 General. —Fairly straight canes of medium thickness. Nodes practically 
even with joints. Cane as a whole slightly thinning or thickening 
upwards. Roundish in cross seetion. Solid. 

(2) Colour. —^ Young and adult canes.)—Vinous or reddish vinous with promi¬ 

nent fairly defined bloom bands and bright yellow root zones. (Old 
canes)—A distinct browning develops in older canes and in the older 
joints, the root zones turning concolourous. 

(3) Joint. —Shape straight-sided. Groove absent. Ivory markings generally 

absent. Weather markings (Plate VII) fairly pronounced in certain 
localities and showing off prominently against the coloured 
joints. Splits present in moderate amount. 

(4) Bud — 

(i) Size and.hape . Small to medium, just reaching growth ring or 

hardly so. Roundish or ovate. Rather flat. 

(ii) Flange. Inconspicuous with prominent black hairs near apex. 

Bursting apical or sub-apical. 

(c) Germination and habit at different stages- 

Soon after germination the shoots are more or less erect, tbexf become 
slightly oblique. At maturity, however, the canes form a neat mass 
of practically erect canes. 

(/) Sett and shoot roots — 

Total number of root eyes more than in Chunnee and less than in Hemja. 
Sett roots distinctly thicker than those of Hemja and as thick as 
those of Chunnee. At thirty days from planting, the sett roots are 
slightly shorter than those of Chunnee and twice as long as those of 
Hemja. Development of shoot roots later than in Chunnee or Hemja. 
(g) Adult root-system — 

The roots develop into almost an ideal system capable of tapping both 
the top and bottom layers of soil in ‘ red ’ or ‘ reddish ’ soils that are 
fairly open. 
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(A) General remarks — 

A cane of medium thickness, excellent habit, very early in ripening and 
of high sucrose content. It has not yet been found of much use in 
India, but has attracted fair amount of attention elsewhere. It is 
found particularly adapted to * red lands ’ and ‘ old exhausted soils ’ 
in Cuba and to the ‘ peat and muck ’ soils of Florida. It is proving 
more resistant to cold than any of the P. 0. J. canes. It is very 
resistant to root diseases and practically immune to the leaf spot 
disease [Faris, 1928]. In Cuba it has shown itself susceptible but 
tolerant to mosaic ; and at lhisa in India the Lmperial Mycologist has 
found it ‘ resistant ’ to the disease [McRae and Subramaniam, 
1928], In a series of yearly observations carried on from 1925-26 
to 192P 29 the Imperial Mycologist found the incidence of mosaic in 
thi3 erne to vary from O' 1 to 3 per cent. [Pusa Agricultural Research 
Institute, 1930J. The experiences of the late Prof. F. S. Earle 
[1928] with this cane are extracted below :— 

‘ This really remarkable cane seems to have attracted no attention in 
India, but in Cuba it is proving to be one of the richest in sucrose 
and earliest in maturity of all the many kinds under observation, 
being equalled in these respects only by the Badila, first one and 
then the other of these canes taking first place in all of the early- 
season analyses. It is usually late in March before even so rich a 
cane as BH 10(12) overtakes them. 

‘ It is being extensively planted, especially in the older red lands in Cuba 
where Crystalina begins to fail. It is perhaps hardly as resistant to 
extreme drought as Co. 213, but under any reasonable soil conditions 
it makes big tonnages and the juices are so rich, especially early in the 
season, that sugar-per-acre-yields promise to be very large. The 
trash sheds so freely and the cane is so clean that its comparatively 
slender diameter will not be especially objectionable in harvesting. 

It is susceptible to mosaic but seems to be fairly tolerant. It is very 
hardy and resistant to all root troubles. 

" 1 ts early maturity indicates that it may have very especial value for 
sub-tropical climates, where it is proving even more resistant to cold 
than any of the P.O.J. series.” 
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V. Co. 290 (Plates IX and X). 


(a) Parentage — 

Cheribon Chunnee 

1 1 

V. J 

Kaludai 

Boothan 

1 

Saccharum 

spontaneum 

1 

J 

P. O. J. 213 

t 

Co. 291 • 

1 

V- -y- 

1 

/ 

Co. 221 

i 


1 


“V- 


Co. 290 


White 

Transparent 


D. 74 


Go. 221 $ x D. 74 <$. Unbagged cross. Co. 221 has practically no fertile 
pollen of its own. The mother arrow was artificially dusted with pollen 
of D. 74, bat there existed chances for pollen of the Indian indigenons 
cane Kansar reaching to the mother arrow. The male parent might, 
therefore, have been either D. 74 or Kansar. One of the grand parents, 
Co. 291, is a supposed cross between a * noble ’ cane of Madras called 
Kaludai Boothan and Saccharum spontaneum. The seedling possesses 
therefore the blood of Saccharum officinarum (through Cheribon and 
Kaludai Boothan), of Saccharum, Barberi (through Chunnee and perhaps 
Kansar), and possibly of Saccharum spontaneum as well (through Co. 
291). 

(6) Habit and general appearance — 

Habit erect or semi-erect. A rather loose mass of straight or slight curved 
capes with the joints showing through the splitting and separating leaf- 
sheaths. Foliage green, medium abundant. Certain of the leaves 
reverse themselves a little above half way (Plate X) resulting in a 
characteristic appearance of the general foliage, viz., a mixture of the 
upper and lower leaf surfaces. 

(c) Leaf— 

(1) Lamina — 

(i) Length and width. Long; of medium width. 

(ii) Curvature. (Young)—Broadly curved with a second sharper curve 

near tips ; (Old)--broadly curved. 
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(2) Shealh — 

(i) General. Clasping canes loosely and easily detaching themselves. 

The older sheaths develop longitudinal splits often with purplish 
coloured margins. 

(ii) Spines. Varying ; generally absent, sometimes present few, rarely 

in fair numbers. 

(iii) Ligular process. Varying; indicated or present on one or both 

sides, when present often scarious half inch long. 

(iv) Ligule. Prominent; arched above, broadly or sharply depressed 
below. 

(d) Cane— 

(1) General. —Fairly straight canes of medium thickness. Nodes practically 

even with joints. Roundish in cross section. Solid except for a 
narrow pithy central cavity in older joints. 

(2) Colour. —Ground colour glaucous green with freequent blushes of purple 

or vinous purple ; older portions greenish brown. Fair quantities 
of bloom and occasional heavy blackening in certain localities. 

(3) Joint. —Shape straight-sided, rarely slight thinning up. Groove practi¬ 

cally absent. Ivory markings absent. Weather markings occasional 
or common. Splits absent, occasional or common. 

(4) Bud — 

(i) Size and Shape. Small to medium in immature canes. Sometimes 

swollen and brittle in mature specimens. Generally roundish, 
sometimes obovate. Fairly plump iD mature canes. Bursting 
almost dorsal. ' 

(ii) Flange. Conspicuous, rising about middle, broad at sides and often 

retuse at apex. 

(e) Germination and habit at d afferent stages — 

The shoots are slightly oblique at germination, but erect themselves 
more or less about the fourth month. At maturity the clump forms 
into a rather loose mass of erect or slightly curved canes. 

(/) Sett and shoot roots — 

Total number of root eyes less than in Hemja but more than in Ghunnee. 
Sett roots distinctly thicker than those of Hemja and at least as thick 
as those of Chunnee. At thirty days from planting they are slightly 
longer than those of Chunnee and four to five times as long as those 
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of Hemja. Development of shoot roots earlier than in Chunnee or 
Hemja. 

(g) Adult root-system — 

Though perhaps not quite as good as that of Co. 281 under the best of 
conditions for that cane, the root-system is satisfactory and develops 
strong, thick and deep roots under fairly satisfactory conditions of 
growth. 

(A) General remarks — 

A cane of medium thickness with heavy individual canes, early maturing 
and of satisfactory habit. In the United Provinces of India it has 
shown itself superior to the Coimbatore numbers preceding it in many 
respects. One defect reported from certain localities in India about 
this cane is its swollen and brittle buds standing out at maturity from 
the canes (Plate IX) and hence liable to injury unless carefully handled. 
At Pusa in India the Imperial Mycologist has found the cane f highly 
resistant' to mosaic [ VIcRae and Subramaniam, 1928] ; in a series of 
yearly observations carried on from 1925*26 to 1928-29 the Imperial 
Mycologist found the incidence of mosaic in this cane to vary from 0 to 
0‘03 percent [Pusa Agricultural Research Institute, 19,10]. This 
experience has been largely confirmed from reports received from abroad. 

It was distributed abroad much later than Co. 281, but has been reported 
promising from more than one country. It is of a 1 nobler ’ type than 
Co. 213 and, under satisfactory conditions of growth, is likely to do 
better than that cane. The Director of Agriculture [Clarke. 1921]. 
United Provinces,* India, observes as below on this canc :— 

“ Co. 290 is in the opinion of the writer the best seedling cane yet produced 
at Coimbatore. It has been selected lor wide distribution throughout 
the province and will materially assist in raising the standard of sugar 
production/' 

REFERENCES. 

Clarke (1927). Kept, on the Administration of the Department of AnriraUvre for the year ending June 
30, 1927 , United Provinces , 4. 

Earle (1928). Sugarcane and its Culture, 62. 

Faris (1928). Inter . Sugar J . 31, 30. 

McRae and Subramaniam (1928). Agric, J . India 23, 239. 

Pusa Agrio. Res. Inst. (1930). Scientific Reports, 1928-29,55 
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♦ These provinces contain the largest area under sugarcane in India. 




RED GRAIN IN PADDY. 


BY 

D. RfflND, B. So., I.A.S., 

Economic Botanist , Burma , 
and 

V. V. SUBRAMANIAM, B.A., 

Lecturer in Mathematics , Agricultural College , Mandalay . 

One of the commonest impurities in cultivators' paddy is red grain. Red 
being a simple dominant, the elimination of red grain is easy, the white-grained 
recessives breeding true at once. In the breeding area the detection of red grain 
presents no difficulty, but when the multiplication and distribution stage is reached 
and quantities running into hundreds of tons are concerned, the risk of red grain 
contamination becomes great and the detection of small amounts of red grain in the 
early stages an important matter calling for special attention. Such work forms 
part of the regular duties of district officers engaged in multiplication and 
distribution of pure lines, it being obvious that the term “ pure line " 
necessarily becomes only relative after the seed has passed beyond the breeder's 
control for a few years. Of all impurities red grain is the most objectionable 
because of the increased milling it necessitates and the consequent higher breakage. 

In order to make clear what is to follow a brief account of the method adopted 
in Burma for the production and multiplication of pure lines is given here. 
Selection is started with a small quantity, say half a pound, of cultivators' 
unselected seed, and the red grains are removed by hand-picking soaked* seed 
before sowing. About 500 plants are grown and single plant selections are made. 
In the second year these are grown separately, some being discarded. In the third 
year single plant selections retained from the second year are yield-tested inter se 
and against the unselectsd. The three best are yield-tested again in the fourth 
year and in the fifth year one is multiplied up to about 800 lbs. This seed after 
rigid examination then leaves the breeders hands for the first time and goes to the 
central farm concerned for further multiplication. If all the seed is utilized, some 
15 acres will be planted and the produce, about 26,000 lbs., goes to tenants 
cultivating Government land or to Government seed farms in charge of junior 
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assistants. The third year in the hands of the district staff, that is the seventh 
from the initial selection, will probably see a crop of from 13,000 to 16,000 nine- 
gallon baskets of 50 lbs. each or about 300 tons. After the first year’s multiplica¬ 
tion on a central farm the quantity of seed to be examined for red grain becomes 
very large and, as will be shown later, requires special attention. 

There are four methods of detecting red grain:— 

1. If paddy grains are mounted in any of the common types of diaphanoscope, 
the red grains show up orange-red in colour oompared with yellow for the 
white grains and so can be picked out. It is slow and laborious. 

2. When paddy is soaked in water for 24 hours, the red grains can be 
distinguished easily, especially against a white background. This is the best 
method to adopt for small samples up to a pound or so. It is specially suitable 
for samples of unselected paddy brought in for selection. It is advisable to remo\ e 
red grains at the beginning to prevent any possible crossing with valuable strains 
in the breeding area. If the soaking is started the day before the nursery is to be 
sown, a coolie can remove the red grains the next morning. 

3. When it is not required to plant the seed actually examined it may be 
hulled with a roller and board (small samples) or in a hand huller such as the 
Burmese “cheik’' (large samples). 

4. In the field when the dew is on the plants red grain shows up clearly 
when viewed against the light and such plants can be rogued oat. This becomes 
impracticable with large areas and ordinary planting. Its chief use is in the early 
stages. 

It remains now to consider the procedure for detecting red grain when very 
large amounts of seed are concerned. The detection of red grain in most cultivators’ 
samples, such as the mills handle, is simple. Usually one or more red grains can be 
found in a single sample of an ounce or about a handful whioh oan be hulled with a 
roller and board. When selected seed is concerned, the amount of red grain present, 
if any, will be much less and its detection more difficult. 

If a large number of equal-sized samples are examined and a frequency curve 
for numbers of red grain constructed, it will be found that when the average 
number of red grains per sample exceeds 15 the distribution will be practically 
normal. The examination of one such sample could be relied on with 
considerable confidence to reveal red grain if it were present, but if the 
sample were of the common size this would mean a very high degree of conta- 
amination, far worse than any selected seed would ever contain. When the 
average number of red grains per sample falls below 15, the distribution curve for 
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rod grain in a number of samples becomes increasingly asymmetric and no 
longer conforms to the Gaussian formula. Instead it accords with the Poisson 
distribution. 

An actual case which ooourred at Mandalay in 1929-30 is given to illustrate the 
kind of thing which may happen. A large quantity of paddy had been multiplied 
on the farm and was tested in the usual way by taking a few handfuls and hulling 
with a roller and board. It passed as free from red grain. In a separate experi¬ 
ment on milling quality larger samples of 7 lbs. were hulled and in a few of them 
red grains were found. A test was then done by taking a basket of paddy and 
passing it through a small hulling machine, dividing the hulled grain and chaff as 
it came through into 100 c.c. lots, that is, into samples of roughly one handful. 
These were then examined for red grain with the following result:— 


No* of red grains per sample 

Number of samples observed 

Calculated, Poisson 
distribution 

0 

316 

315-81 

1 

77 

7816 

2 

12 

10*06 

3 

.. 

089 

4 

• • 

006 

Total 

405 

404*98 


There is very close agreement between the numbers of samples observed and 
those given bv the Poisson formula (interpolated from Pearson’s Tables). In this 
case the average number of red grains per sample is 0*249, the total iot the basket 
being 101. This means roughly 0'01 per cent, red grain. 

Suppose there are 100 red grains per basket and it is divided into 400 samples, 
the average number of red grains per sample will be 0*25 and the number of 

samples which will be expected to contain no red grain will bo given by e m ( w ^ere 
m is the average number of red grains per sample), in this case 77 - 87 per cent., 
while 22*13 per cent. (- 1—e" m ) ^11 contain one or more red grains. Hencf the 
probability, p, that a sample will contain at least one red grain is 0*2213. If q on 
the other hand is the probability that a sample will contain no red grain, then 
2" is the probability that none of the n samples will contain a red grain and hence 
1—j B i> the probability that a red grain will appear in at least one of the w sam- 
II-1-137 *. 
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pies. Denoting this probability by r, we have r = 1—j" = 1—(1— p )*, Binoe q— 1— p. 

It r=l, the probability of detecting at least one red grain becomes a certainty 
but for this the value of n becomes infinite, so that the whole of the paddy to be 
examined must be hulled, which is obviously impracticable with large quantities. 
It is therefore necessary to fix some standard of certainty to which we must attain 
in our search for red grain. The usual value of ‘ F ’ adopted is 0*05, giving odds of 95 

per cent. Engledow and Yule set t = 3-0-as the standard for experiments involving 

hi 

field plots. This corresponds to P=0-003, giving odds of 997 to 3. If we take 
P - 0‘01 which gives odds of 99 to 1, we shall not be setting an unduly high standard. 

Assuming, then, that we desire to detect red grain in 99 trials out of 100 when 
the amount present is 100 grains per 50 lbs. basket, that is, we desire to see at 
least one red grain, and if each of our samples is *},„ of a basket, we calculate the 
number of such samples that we must take thus ; 

on 

r= i^ =1 “ (1 “°* 2213)n ’ 


(1—0‘2213) n = 1— 9 ! , 

1 100 ’ 

1 

100 ’ 

n log (1-0-2213) = logJ^, 

= — 2 , 

n _ _ —2 ~ 2 

n log 0*7787~ “1*8914 ’ 

^ -2 2 
—(1—<0-8914) 0*1086 * 

= 18-42 

The general formula for n when the odds are 99 to 1 in favour of finding red grain 
2 

is n— —j-. 

m log e 

Taking the next highest whole number, so as not to reduce the odds in favour of 
Ending red grain, we must take 19 samples if we wish to Bee at least one red graiq t 
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the average number of red grains per sample being 0'25, the samplea ^ basket 
each and the odds 99 to 1 or slightly better. If we do not see a red grain in any 
of those samples, we may conclude within an error of one per cent, that the paddy 
does not contain more than 100 red grains per basket. It may contain less. 

A hundred red grains per basket is rather a high degree of contamination for 
selected seed. Suppose there were 40 red grains per basket, then testing in the same 
way we should need to take 46 samples of i ] u basket each, thus:— 

The average number of red grains is 0*1, so e' m =0 , 9048, so that 90*48 per cent, 
of the samples will be blank, giving a probability of 0*0952 for finding at least one 
red grain in a sample. Calculating as before we find that to be sure of finding at 
least one red grain in 99 per cent, of the trials we must take 46*05, say, 46 samples. 


Substituting in the general formula we have w= 


„ »i=46*05. 


"0*1 log 2*7183’ 

It is, of course, permissible to lump all the small samples together f<.r purposes 
of examination. The size of the final sample to be hulled and examined for red 
grain will depend on the degree of accuracy desired and on the maximum amount 
of red grain considered permissible, since detection of very small amounts with 
absolute certainty is unattainable in practice. The following table has been drawn 

up to show the numbers of basket samples which would have to be examined 


for various degrees of red grain contamination, assuming that it is desired to detect 
red grain in 99 per cent, of the trials. 


Average number 
of red grams 
per sample 

Minimum number 
of red grains per 
basket to be de¬ 
tected with odds 
in favour of 99 
to 1 

e-m 

i 

Number of 

basket 

400 

samples 

Total weight 
of samples, lbs. 

00025 

1 

0*9974 

1842 % 

230*25 

0*0125 

5 

0*9877 

368*4 

46*05 

j 

00250 

10 

0-U762 

184*2 

23*025 

0*0500 

20 

0*9513 

92*1 

11*5125 

0-1000 

40 

0*9048 

46-05 

6*766 

0-1250 

50 

0*8824 

36*84 

4 605 

0-2500 

100 

0*7787 

18-42 

2*3025 

1-0000 

400 

0*3879 

4*6 

0*5756 


r 2 
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So far a particular case using -^-basket samples has been considered, but it is 

immaterial what sized samples are taken, provided that the paddy actually hulled 
and examined is a representative sample of the bulk. For example, if it is desired 
to detect red grain in 99 cases out of 100 when the amount present is one red grain 
in each 200 lbs. using one-pound samples, then 

2 

n ~0'005 (0-4343) 

2 

00021715 
= 921-0 samples, 

and since each sample is one pound the total bulk which must be examined is 
921"0 lbs. If samples of 5 lbs. each had been taken, then the end result would be 
the same, 

2 

W— 0*025 (0 4343) 

2 

“ 0-0108575 
=184-2 samples, 

and since each sample is 5 lbs. the total bulk will be 5x184-2=921-0 lbs. If n is 
fixed in units the actual bulk to be examined is calculated direct, as in the first 
example given above. • 

It is necessary to fix a limit above which red grain must be detected, if present, 
with the degree of certainty desired, here assumed to be 99 to 1. Different standards 
will be required according to the «tage of multiplication reached. It is necessary 
that there shall be enough paddy drawn in small lots to make up the total neoessary 
to give the desired degree of accuracy in the red grain test. If more than is 
necessary has been drawn, part can be discarded after careful mixing. If a high 
degree of accuracy is required, that is, small amounts of red grain are to be 
discovered, then in cases where the total bulk is small sufficient eamples must be 
drawn to give a total quantity large enough to permit a red grain test of the 
required degree of certainty. 

It is necessary that the samples taken shall be representative of the whole of 
the paddy to be examined. It is then permissible to bulk the small samples and 
to treat them as one for purposes of examination, provided that it is not desired to 
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know whether more impurity is present than the amount decided upon as the 
maximum permissible limit. When seed is in bulk as on a threshing floor a seed 
sampler must be used and samples taken from diflerent parts of the heap, after 
making an estimate of the total bulk. Quantities less than 150 baskets will not 
ordinarily be examined by sampling and hulling methods but by examination 
of each plant in the field. It will be sufficient to take one sample for every second 
basket up to a total bulk of 300 baskets, and above that as follows 

For every 3rd basket when the bulk is from 300 to 6 >0 

„ 6th . .. 000 „ 1,000 

„ , 10th , „ „ ,, over 1,000. 

When seed is in bags samples must be drawn from the top, middle and bottom 
of every bag when the number of bags does not exceed 5, and for larger quantities 
as follows:— 


From every 2nd bag when the bulk amounts to from 6 to 12 

*» >♦ 4th „ »» »> »i »» f • >» 12 30 

,, ft 0th l( tt ft »» >* »» *t »^0 00 

„ „ 10th „ „ over 0<>. 

It is for every officer to lay down for himself the degree of accuracy, certainty 
with which he desires red grain to be detected and the maximum permissible 
amounts, according to the circumstances. In breeding areas where not more than 
about half an acre of each strain is grown and where the spacing is wide, every 
single plant in the field Gan be examined and absolute certainty attained. Tt is 
otherwise in the later stages of multiplication. 

The total number of grains per basket varies from about 800,000 to 1,250,000 
according to the size of grain. It is often laid down in agreements with seed 
farmers and tenants of government land that their paddy seed shall be 99*5 per 
cent, pure, sometimes even less. Assuming there are one million giains per basket 
and that 0*5 per cent, of impurity is present all in the form of red grains, there 
would be 5,000 red grains per basket and 12*5 on the average in 4 * 0 *basket samples. 
The distribution would be nearly normal with only 0*0004 per cent, such samples 
devoid of red grain. But the degree of contamination would be impossibly high 
for selected seed. 

It is considered that for paddy multiplied once on Government farms the 
maximum limit for red grain should be fixed at one per basket and for subsequent 
multiplications five per basket. 




ON THE EFFECT OF GINNING ON THE STAPLE-LENGTH OF 
COITON FIBRES, AND ALSO ON THE RELIABILITY OF 
RANDOM SAMPLING. 

BY 

K. R. SEN, M.Sc. 

Introduction. 

The present work was undertaken at the suggestion of Mr. G. R. Hilson, Cotton 
Specialist, Coimbatore, with a view to learn as much as possible with regard to the 
questions, viz., whether the staple-length of cotton is greatly affected by ginning 
the kapas (seed-cotton) rather than separating the lint by hand, and also whether 
a random sample of kapas taken from the bulk of the produce and ginned yields a 
representative value for the average length of the fibres. The importance of the 
questions is, of course, obvious. 

The cotton selected for the examination was a pure strain (440) of Cambodia 
(0. hvrsutum). The kapas was secured from the produce of a self-fertilized, early 
sown, and duly irrigated plot of the year 1927-28. 

Random sampling. 

At first a small quantity of kapas was taken from the produce of every line 
of the field, and made up into one sample. This sample was then ginned. Two 
Balls sorter and four Baer sorter tests were then made on it. The results are given 
in Table I below. 

The difference of 0*02 inch in the values given by the two sorters is, of course, 
well within the limits of experimental error, as in the case of the Baer sorter a good 
deal of subjective error is introduced. 

Table I. 


Results of the sorter tests on random samples. 


Sorter 

Average 
length (in.) 
1st test 

Average 
length (in.) 
2nd test 

Average 
length (in.) 
3rd teat 

Average 
length (in.) 
4th test 

III 

Bftlh . ... 

0-01 

i 

0*91 

. * 

.. 

0*91 

Baer 

0-93 

0*94 

0*92 

0-92 

0*93 
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Preparation of samples. 

Sampling was done by Balls’ method [1921]. The whole bulk of leaf as was 
divided into two apparently equal parts. Bach of these two parts was next sub¬ 
divided into two more; and each of the four parts thus obtained was divided 
again, and so on, until the whole produce was separated into 32 approximately 
equal parts. Out of each of these thirty-two divisions a sample of kapas was se¬ 
cured by a random selection of locks from all parts of it. In this way a total of 32 
samples was obtained. 


Preparation of slivers. 

All the locks in a sample were divided into six or eight equal parts (as the 
quantity permitted). From each of these parts one or two locks were selected at 
random. The lint from the locks thus selected, was separated from the seeds by 
hand and utilized to prepare a sliver from which one Balls sorter test was made. 
The results, in a concise form, are shown in column (it) of Table II. After the 
completion of such tests for all the 32 samples the seed-cotton of the remaining 
locks of each sample was ginned separately in a hand-driven gin. The machine- 
separated lint of each Bample was then tested for length by means of the Balls 
sorter. The results appear in column ( Hi ) of the same table. The former method 
of lint-separation has been termed “ hand-separated ” in order to distinguish it 
from the latter method which has been referred to as “ hand-ginned ” or simply 
“ ginned ”. 


Table II. 

Results of sorter tests on hand-separated and ginned samples. 


Average 

W 

Staple length (in.) 

Hand-separated 

<«) 

(Sample Noe.) 

Ginned on hand-gin 
(m) 

(Sample Noe.) 

0*88 

Nil 

21 

0*88 

2,10,12,31 

0,13,17,10, 20, 28 

0*90 

4, 6, 0,22, 26 

6,7. 10,12.14,16,26,31,32 

0-91 

16,10,23 

1, 2, 3, 4, 6, 8,15,18, 24, 25,20 

0*92 

1» 7,13, 21, 32 

11,22,23,27, 30 

0*98 

8,8,20, 24 

Nil 
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Tabtjs II-- 

Remits of sorter tests on hand-separated and ginned samples —contd. 


Average 

(o 

Staple length (in.) 

Hind-separated 

(«•«•) 

(Sample Nos) 

Ginned on hand-gin 

(Hi) 

(Sample Nos,) 

0*94 

6, 11, 17, 25 

Nil 

0*96 

16, 18, 29 

Nil 

0*96 

23, 27, 30 

Nil 

0*97 

Nil 

Nil 

0*98 

Nil 

Nil 

0*99 

14 

Nil 

Mean average length . 

0*92 inoh 

0*90 inch. 


Discussion op the averages. 


A probable error of T9 per cent, (single observation) for the results in column 
(ii) indicates a fair degree of uniformity in spite of the possibility of variations 
within a sample consisting of locks selected at random. The probable error (single 
observation) for hand-ginned samples, however, is about 0'9 per cent, which is 
within the limits of experimental error. 

Comparison op the two series of results. 

It is clear, however, that although the average values for the individual tests 
in column (ii) of Table II vary greatly amongst themselves yet the mean given by 
all the samples together does not differ, beyond the limits of error, from that given 
by the ginned samples. If we consider at the same time the uniformity of the 
values yielded by the ginned samples, we can say that the average length of a 
cotton as obtained from a random ginned sample is a fairly representative one. The 
effect of ginning appears merely to make the distribution of the fibres homogeneous 
by inter-mixture. A comparative study of the individual values of columns (ii) 
and (Hi), Table II, indicates that the average staple-length of ginned cotton is 
slightly leas than that of hand-separated cotton. 
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It appears from Table III, which gives the percentages of distribution for 
different lengths in the case of three typical samples, that ginning causes the 
breakage of a certain percentage of long fibres (at least an inch) and that these 
broken fibres increase the percentages of the short fibres, i.e., those between £ inch 
and | inch. In the following table “ S ” stands for “ hand-separated ” and “ G ” 
for “ ginned on hand-gin ”. 


Table III. 


Effect of ginning on the distribution of fibres for three typical samples. 


Mean length 
of sections 
(unit \ in.) 

Sample No. 5 

Sample No. 14 

Sample No. 30 

“ S” 

"G” 

“ 8” 

“G” 

“S” 

44 G'* 

2 

0*9 

1*3 

0*7 

1*6 

0*8 

1*0 

3 

1*2 

1*9 

0*9 

1*9 

1*0 

1*6 

4 

2-4 

3*8 

1*6 

I I 

1*7 

2*3 

5 

i 

4-5 

7*0 

3*7 

7*4 

6*7 

67 

i 

6 

81 

11*6 

6*8 

120 

6*5 

11*2 

7 

22*8 

24-8 

14*7 

23*2 

16*4 

23*1 

8 

37*3 

31*0 

33*9 

30*0 

30*3 

33*1 

0 

22*3 

18*0 

30*2 

20*7 

316 

21*1 

10 

•• 

*• 

7*6 





It is quite clear from the above that for fibres of length between J inch and 
i inch the percentage of distribution corresponding to a particular mean length is 
greater for the ginned sample than for the hand-separated one, whereas for longer 
fibres the reverse is the case. 
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Table IV. 


Mean length of sections 
finoh) 

Method of lint-separation 
giving the predominant 

peroentage j 

Actual peroentage of the total 
No. of samples showing 
dear predominance 
(round nos.) 

i 

G 

88 

1 

G 

94 

4 

G 

84 

f 

G 

84 

I 

G 

78 

f 

G 

69 

1 

S 

91 

H 

s? 

60 

1* 

s* 

100 

. 


* Wherever 1J inch section occurs. 


Table IV above gives in round numbers the percentage, out of the total 
number of samples of cotton tested, for which the foregoing rule holds. The few 
exceptions appear to be due to one or more of the following causes:— 

1. Ginning seemingly destroys most of the fibres of about 1| inches in length 
as such, and thereby increases the percentages of the immediately shorter sections. 

2. Hand-Beparating mostly breaks fibres of not less than 1| inches length 
which in certain samples exist in a considerable number (probably owing to an 
unconscious selection of good locks). 

3. In hand-separation the seeds retain more of the smaller parts of the broken 
fibres than they do on ginning, in which case the parts of the fibres that stick to 
the seed are generally very small (say, less than a quarter of an inch). 

Simple mathematics enables us to determine the probable number of parts 
into which g inning breaks certain fibres relatively to the process of hand-separa¬ 
tion. The following treatment shows how the actual number of such damaged 
fibres in a given quantity of cotton can be calculated. 

Let “ N ” denote the total number of fibres in any section of mean length “ 1 ” 
in a Balls sorter pattern, the sample having passed through a process of hand- 
separating *' S”. Let “ n ” denote the number of fibres by which this section 
changes (relatively to the process “ 8 ”) when the same sample is passed through 
the process of ginning “ G ”. Let “ Ps ” be the percentage of fibres in the above 
100 Ws 

section given by —^ . Where “ wg ” is the weight of this section, “ 1 ” and 

“ Ws ” is the total weight of all the Balls sorter sections after the process “ S ”. 
Let “ Pq ” similarly denote the percentage given by after the process 
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“ G Let “ f ” denote the fibre-weight of the ootton per unit length assume d to 
be the same for all lengths of fibre. 

Then the total number of fibres in the section “ 1 ” after alteration by the 
process “ G ” is given by 

N-j-n 

So the weight of the section, or Wq =(N+n) f. 1. 


• P ■ 

• • r Q * 


100 (N+n ) f. 1. 
W n 


or N-f-n= 


Pp. Wq 
'100 f. L* 


( 1 ) 

.( 2 ) 


w P8. W 8 

Similarly, K- lorrr .•;. 

From (1) and (2) by eliminating “ N ” we have 

n== looTT~ ^°' ) 

Now putting W 8 =W 0 =100 units (say), we have the actual change in the 
number of fibres given by 

n== xr (Po_Pa) - 

Table V.* 

Value showivg the changes in the No. of fibres on ginning for different sections. 


Moan length 


44 n ” for the sample numbers 


of sections 


(inch) 1 

5 

8 

14 

16 

18 

23 

27 

30 

i 

+360 

+460 

+720 

+ 640 

+270 

© 

00 

+ 

—90f 

+180 

i 

+420 

+ 120 

+600 

+360 

+ 120 

+240 

+ 120 

+300 

i 

+630 

4 226 

+766 

+315 

+315 

+226 

+405 

+270 

« 

+900 

+720 

+1,332 

+972 | 

+468 

+612 

+864 

+360 

i 

+ 1,060 

+ 1,060 

+1,660 

+ 1,200 

+410 

+1,290 

4 M40 

+1,410 

i 

+614 

+ 1,208 

+2,186 

+977 

+ 1,311 

+874 

+691 

+1,723 

i 

—1,396 

—1,733 

—878 

—1,463 

—226 

—1,260 

—J.1M 

—721 

u 

—860 

—420 

—1,900 

—620 

—420 

—240 

—840 

—2,100 


In the above table we have such actual numbers calculated on the assumption 
that the fibre-weight of the cotton is of the same order, viz., r75xl0~® grm. per 


* The weight of ootton for which the figures in this table have been calculated is 100 mg. In 
the table 44 + ” indicates an inoreaee and 44 — ** a decrease in the number of fibres by the specified 
ampunt. 

t The ooourreace of this negative value cannot be explained properly. It may be due to a com¬ 
paratively greater loss of fibres of this length during one of the processes. 
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cm. [Tomer, 1928] as that of CO. 1 (Cambodia 295) which is another pure strain 
evolved out of the same stock. 

In the case of sample Nos. 5, 8, 27, 30, the sections with regular distribution 
of fibres extend up to 1} inches only in both hand-separated and hand-ginned 
samples. In the case of sample Nos. 14.16, 18, * 3 the sections with regular dis¬ 
tribution extend up to 11 inches (in eoch case) for the hand separated samples 
and up to l£ inches only for the ginned ones. These facts indicate that, in the 
latter case, there is a considerable number of fibres 1J inches long within each 
sample even after hand-separating which would be broken during ginning and so 
would increase the percentages of the lower sections thus diminishing the amount 
by which the number of fibres decreases in the sections of length 1 inch and 1£ 
inches respectively, and also exaggerating the amount by which the number of 
fibres increases in any of the other sections. Such a phenomenon will obviously 
lead to the fact— 

2 (total decrease) < (total increase).Class II 

in the above table, whereas in the other (more normal) case (assuming throughout 
that the breakage of each long fibre gives only two short fibres, some of which 
are exceedingly short, i.e., < £ inch)— 

2 (total decrease) > (total increase).Class I. 

That these conclusions agree remarkably well with the results of the experi¬ 
ments, is shown in the following table (VI). 


Table VI. 
(a) Class 7. 



| Sample No. 5 

Sample No. 8 

Sample No. 27 

| Sample No. 30 

Total increase between sec¬ 
tions { inch and i inch. 

2 (total decrease) for 1 mob 
and it inches sections. 

+ 3,874 

-4,510 

+ 3,773 

-4,306 

h 3,120 

-4,246 

+ 4,243 

-5,642 


(6) Glass II. 



Sample No. 14 

Sample No 16 

Sample No 18 

Sample No. 23 

Total increase between sec¬ 



mm 


tions 4 inch and i inch. 

2 (total decrease) for sections 

+ 7,163 

+ 4,364 


+ 3.421 

1 inch and 1{ inches 

-5,556 

-4,166 


-3,000 
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One point of interest is furnished by sample No. 14. The ab normal figure 
(Table V) for the breakage of 1| inches fibres indicates the existence of a com¬ 
paratively large percentage of such fibres in the hand-separated sample leading 
to such a high value for the average staple-length (Table II). 



Fi$. 1 

Figure 1 is the curve of distribution of the broken parts of the fibres after 
ginning relatively to hand-separation. In certain cases there is a distinct stoop 
at the top end of the curve which indicates an exaggerated gain of very short 
fibres. 
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Conclusions. 

The conclusions from the experiments may be summed up as follows:— 

(t) random selection of a sample from a bulk of cotton, provided the 
bulk has been ginned and thereby inter-mixed, is sufficient to re¬ 
present the bulk so far as the average length is concerned ; 

(ii) ginning produces some breakage among fibres of length about 1 inch 
and above, thereby decreasing the percentages of fibres above an 
inch in length and at the same time increasing those of shorter 
lengths; 

(m) there is a possibility of a considerable number of fibres over one 
inch in length breaking during hand-separating. 

(iv) the effect of ginning on the average length for an individual sample 
is not very remarkable, being so slight as to be within the limits of 
experimental error. 

This work can be extended further by observations on cottons shorter or 
longer than the type used. In the present case the mode lies near about an inch, 
viz., 1*02 inches (estimated on the plush). 
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EXPERIMENTS on disintegration of bones for use 

AS FERTILIZERS. 


BY 
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AND 
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The question of conserving the phosphoric acid supply of soils has been en¬ 
gaging the attention of those interested in the cause of Indian agriculture. The 
export of bones, oil-seeds and grains entails a loss of this constituent, and where 
suitable returns are not made to the land, the recuperative processes going on in 
the soil of certain localities do not suffice to keep up a supply of available phos¬ 
phoric acid adequate for vigorous growth of plants. It is therefore very desirable 
that means should be devised to utilize with in the country the large amount of 
bones which is now exported to the foreign parts. The difficulties in this connec¬ 
tion are mainly two in number. In the first place most ol the cultivators have 
strong prejudices against the use of bones. It is expected, however, that when 
convenient methods of treating bones are devised and their effectiveness in in¬ 
creasing crop yields is clearly demonstrated they would come into general use. 
The second difficulty consists in their refractory nature. While powdered bone 
is a good fertilizer, the effect of bones in big pieces is very slow. But the culti¬ 
vators find it well nigh impossible to crush bones with the means at their com¬ 
mand. 

This subject was discussed at the first meeting of the Fertilizers Committee ap¬ 
pointed by the Imperial Council of Agricultural Research held at Simla in June 
1930, when the representatives from the Pusa Institute undertook to carry out 
experiments to find out easy methods of disintegrating bones. The investigation 
is not yet completed, but it is thought that a short account of the work done up 
to this time may prove to be of interest. Five methods of procedure suggested 
themselves—(1) subjection to superheated steam, (2) treatment with solutions of 
easily available chemical reagents, (3) fermentation in composts, (4) calcination, 
<md (6) extraction with solvents which would leave the residue ip a friable 
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condition. Experiments on processes (1), (2) and (3) have been conduoted and an 
account of the lesults is being given later. Method (4) appears to be a fairly simple 
process which oan be availed of by villagers. But as burning bones within the 
Estate would constitute a great nuisance, no such experiments were attempted at 
Pusa. As to (5), although it presents certain advantages, it was thought difficult 
to fit it in with the existing industrial conditions in the country. 

A consideration of the results obtained under methods (1), (2) and (3) will now 
be taken up. With reference to the analytical data quoted in these connections a 
few words may be said about the composition of bones. The mineral portion of 
bones consists mainly of tricalcic phosphate, along with other salts. Interlacing the 
complete mineral framework is the cartilage, composed of nitrogenous compounds, 
with which are associated fatty substances. The amounts of these constituents vary 
with the nature of the animal, its age and development, and the anatomical part of 
the body from where the particular bone is derived. The composition also varies 
with the previous history of storage. It thus follows that to get a really representa¬ 
tive sample of a consignment of bones is very difficult, and that it is permissible 
only to make rough generalisation from the figures recorded. 

I. Treatment with superheated steam. 

That bones can be rendered more brittle by subjecting them to the action of 
steam under pressure has already been known, and in many bone treatment estab¬ 
lishments this procedure is had recourse to. In the present study preliminary 
experiments demonstrated that autoclaving pieces, broken up to 3 to 4 inches 
length, for two hours at 130°C. yielded very good products. Big bones about 18" 
long had to be maintained at 130°—135°C. for three to four hours! When the 
temperatures were maintained lower than 130°C. a longer period was necessary, e.g,, 
at 120°C. it was necessary to heat the bones for six hours or more. In these 
experiments the bonds were rendered friable enough to be powdered with gentle 
pressure. Where the object is to render them only sufficiently brittle to be capable 
of being broken up with the help of a country dkenki, two hours’ heating at 130° C. 
should do. 

During the process of heating volatile products escaped with the steam and 
some material dissolved in the water. In the solid residue there is a loss of nitrogen 
but the phosphoric acid is conserved. Analysis of a sample of trw bones showed 
that there was about 4'5 per cent, nitrogen and 24 per cent, phosphoric acid 
(calculated on a dry basis). The steamed bone was found in one experiment to 
contain 1*8 per cent* nitrogen and 26 per cent, phosphoric acid. After the treatment 
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there remained in the aqueous liquid 1’62 grm. nitrogen and 0*008 grm. phosphoric 
acid for every 100 grm. raw bones taken. Some of the results are given below. 


Table I. 

Composition of steamed bovex ( calculated on dry basts). 


Raw bone 

Organic nitrogen 

Phosphoric acid 

Raw bone 


4.69 

24-23 

Experiment ... 

. 1 

213 

23*72 

»» • • • • 

2 

1*74 

24-62 

» • • * • 

. 3 

1-96 

26-10 

»* ... • 

4 

1*56 

25-98 


It would be of importance to compare the fertilizing power of the steamed 
bones with that of raw bones by conducting field trials. Figures obtained by the 
usual ammonium citrate method of determination are recorded here. Steamed bones 
obtained in the present investigation were tested along with a commercial sample 
of boneineal received from Calcutta. As the solubility was expected to vary with 
the fineness of the material, the meal had been divided into different grades of 
fineness with the help of sieves. 

Table II. 

Grm. of P 2 0 B dissolved m ammonium cihatefrom 100 grm. of Pf\ present in the 

bones. 


Raw bonomeal 


Steamed bone 

Particles above 

Particles between 

Particles 

Partioles 

1-5 mm. 

1-5 and 1 mm. 

below 1mm. 

below 1 mm. 

1*95 

31*18 

42*46 

77-56 


The figures recorded above are not strictly comparable, as the raw meal was 
of a different origin from the steamed product. Moreover it may be that the 
bigger particles of meal, which were separat d by 1*5 mm. sieve, were not only 
harder than the rest of the fractions and thus escaped disintegration, but were at 
the same time chemically more refractory than the residual part which passed 
through the 1*6 mm. sieve. It is known for example that the outer “ vitreous ” 
parts of bones axe muoh tougher than the “ spongy ” material ip the inside, And 
II1-1-187 ' o 






AGRICULTURE AND LITE-STOCK IE INDIA. 


164 


[I. n. 


in tbe course of experiments, to be referred to later, it wee observed that the former 
are more resistant to tbe action of chemical reagents like caustio alkalis. 

But even acknowledging tbe above limitations, tbe wide difference in the 
solubility figures demonstrates that steamed bonemeai is a much more valuable 
fertilizer than raw bones. This is quite in accordance with the generally accepted 
view. 

The autoclave used in the above experiments was a small laboratory appara¬ 
tus heated with gas. To work the process in an economio way, less expensive 
heating arrangements would have to be put up and cheaper and bigger contrivan¬ 
ces would be necessary. 

II. Treatment with chemicals. 

The action of solutions of various mineral salts on bones at ordinary tempera¬ 
tures and in the heat was first studied. Not much action was noticed. Signs of 
yielding were observed only with alkali carbonates. Solutions of caustic alkalis 
gave much better results, and addition of sodium chloride seemed further to favour 
the reaction. Trials were therefore conducted with solutions of various strengths of 
carbonates and hydroxides of sodium and potassium with and without the addition 
of sodium chloride. The higher the strength of caustic alkali, the quicker was the 
reaction to occur, but there was a limit of period of activity after which the 
reaction proceeded at a very slow rate; this period varied with the strength of 
alkali, being shorter in the case of stronger solutions. In the case of caustic soda 
solutions of strength below 1*6 per cent, and with caustic potash solutions below 2 
per cent, in strength, the disintegration seemed to be negligible. The presence of 
sodium chloride was of help in accelerating the action. The prevailing atmospheric 
temperature is also of significance. , 

Some experiments were next performed to find out the effect of different con¬ 
centrations of Balt used in conjunction with the alkali for which the data are noted 
below. 


Table III. 

Effect of alkalis on bones. 
(Atmospheric temperature 75°—90° F.) 


Treatment 

Duration 

of 

treatment 

Days after 
which the 
reaction 
slackened 

| Grm. Bone. 

Taken 

Disintegrated 

Not diainteg- 
rated 

18 % NaOH, alone 

89 days 

40 

1,000 

518 

482 

+ 1 % NaCl . 

69 „ • 

30 

1,000 

736 

264 

+ 2% NaCl . 

69 • 

30 

1,000 

723 

277 
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Keeping the bones in 1'5 per cent, caustic alkali for three months disintegra¬ 
ted only hall ol them, while in the case where 1 per cent, common salt was used 
in addition three-fourths of the bones were broken up during the course of two 
months. The bulk of the reaction, however, took place really within 40 and 30 
days respectively. 

It may be mentioned here that when bones suffer disintegration througn the 
action of alkalis it is the less resistant portions which are the first to yield, the 
action gradually proceeding to the more resistant fractions, but there are portions 
(e.g., some of the shafts and jointB and specially the teeth) which are very refrac¬ 
tory. As a result a fraction of the bones escapes disintegration. 

In these experiments bones were taken to be “ disintegrated ” when it was 
possible to break them up to coarse powder with gentle pressure in a porcelain 
mortar. The residual pieces of bones (which, as noted, amounted to about a quar¬ 
ter of their original weight) were after the treatment left in a loosened and peculiar¬ 
ly laminatod condition. Much of these latter could be broken off by hand in the 
rm of flakes. Vigorous pounding could also serve to crush them. 

Chemical analyses showed that disintegration through the agency of alkali 
was associated wfth leaching out of organic matter. The product was poorer in 
nitrogen and richer in phosphoric acid, as will be seen from the following table. 



Change of composition effected bp alkali treitmcnt. 
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The study is being continued.* 

The experiments so far done had been all conducted on a small scale and in 
glass vessels. Larger amounts are being taken and vessels such as would be capa¬ 
ble of being used by cultivators are being investigated. 

III. Fermentation in Composts. 

It is known that when bone-meal is placed in heaps with suitable composting 
materials and appropriate conditions for fermentation are maintained, it enters into 
putrefaction and becomes a much more energetic manure than ordinary bonemeal. 
Attempts are being made to find out whether such fermentative processes are also 
effective in loosening the mechanical structure of pieces of bones. It has been 
thought woithwhile to find out what happens under broadly differing types of 
bio-chemical activities. With this end in view, various concomitant fermentative 
materials have been mixed with the bones, e.g cattledung, urine, molasses, waste 
curds, etc. To give body to the composts, additions of soil, sand and charcoal 
have also been made. Care is being taken to maintain the requisite moisture 
content by adding water when necessary to make up the loss by evaporation. 
Periodical examinations are being made of the composts to see now the bones are 
behaving. It is not yet possible to definitely state anything except that bones 
kept in the compost containing sand, charcoal, dung and molasses are showing 
some signs of yielding. 


IV. Summary. 

in view of the vital importance of phosphates in promoting growth and deve¬ 
lopment of crops, it is highly desirable to increase the available supply of phos- 
phatic manures to the cultivator, specially in those parts of the country where the 
soil is deficient in phosphates. In this respect bones constitute a good feitilizmg 

* The writers have recently come across an interesting reference on the disintegration of bones by 
alkalies in N. G Mukherji’s “ Handbook of Indian Agriculture ” (Third edition, p. 4*J7). “ Bones* 4 # 
may be reduced to powder by means of caustic lye (solution made out of ashes), quicklime or freshly 
calcined wood ashes. \ simple plan is to pack the bones layer by layor, with freshly caloined wood 
ashes, in a barrel, and keep the misture moistened for some months.” 

*' A quicker method is to boil the bones in an iron or copper boiler with strong caustic lye The 
proportion of bones and lye to be used is roughly tiftocn parts by weight of bones to five parts by 
weight of caustio soda or seven parts by woight of caustic potash dissolved in fifteen parts by weight 
of water The boiling should be done for two or three hours. But even without boiling the bones 
would become disintegrated, being simply kept in the caustic liquor for about a week.” 

In the Pusa experiments much less amounts of caustic soda are used (6 to 8 per cent, on bone;. 
The process reoommended by Mr. Mukherji uses 33 per cent. 
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materia], but the cultivators do not use it, and large amounts are exported to 
the foreign countries. One of the important reasons why bones do not find favour 
with the agriculturist is due to their refractory nature. He finds it very difficult 
with the means at his command to reduce them to a condition sufficiently fine to be 
of utility as a fertilizer. 

Experiments are being conducted at Pusa to find out simple means of disinte¬ 
grating bones. Subjecting bones to steam under pressure yields a good product. 
Promising results have also been obtained \diero bones have been treated with 
solutions of mixtxires of caustic alkali and common salt. Another line of attack is 
being followed where bones are fermented with the addition of composting 
materials. 



AMMONIUM PHOSPHATES AS FERTILIZERS FOR TROPICAL 
SOILS WITH SPECIAL REFERENCE TO INDTA 
AND CEYLON. 


BY 

J. EDGAR WALKER, B.Sr. (Agric.) (Lond.) 

I. Introduction. 

Although phosphates of ammonia have for many years been well known to the 
chemist, it is only during the last ten years or so that they have become important 
on a commercial scale as fertilizers. Their development has been a post-war one, 
paralleled by the increase in the production of fertilizers incorporating nitrogen 
derived from ttie atmosphere. “ Synthetic nitrogen ”, as it is often imperfectly 
called, has been the leader in a number of progressive movements in the world of 
fertilizers, and undoubtedly the most significant of these movements has been the 
linkage of ammonia with another plant food, phosphoric acid. 

It is not intended in this article to expound tire advantages of the combined or 
compound type of fertilizer. It is obvious, after very little consideration, that if 
ammonia is joined with phosphoric acid instead ot sulphuric acid, or, putting it in 
another way, if the treatment of insoluble forms of phosphoric acid to render them 
water-soluble can be modified to allow of the replacement of the carrier material 
by ammonia, economies are immediately effected in several ways. Economies in 
production make possible the marketing of fertilizers with unit values at their 
lowest, whilst economies in storage, by reason of reduced bulk, as well as in hand¬ 
ling, freight and application, are immediately apparent when one considers that 
the plant food contained in one ton of pure di-ammonium phosphate can only be 
supplied by one ton of ammonium sulphate and three tons of superphosphate. 

The main aim of thiB article is to consider the compound fertilizer from the 
point of view of performance, in an endeavour to arrive at its significance at 
present and if possible in the future, to the man who requires plant foods for his 
crops. It should be realized at the outset that the term “ compound fertilizer ”, or 
“ compound type of fertilizer ”, has rather a wide scope, but its use becomes 
necessary in view, of the impossibility of employing a name that is based Bimply on 
an originally chemical one, as for instance “ muriate of potash ’’—derived from 
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potassium chloride or muriate. From the chemical point of view it may be pointed 
out that there are several phosphoric acids (using the term in its true sense) and in 
the same way there exist a number of phosphate combinations. Thus we have 
mono-calcic phosphate—CaH 4 (P0 4 ) 2 , di-calcio phosphate— Ca 2 H 2 (P0 4 ) 2 , and 
tri-calcic (basic) phosphate—Ca 3 (P0 4 ) 2 , all of which are phosphates in which 
calcium replaces in part or whole the hydrogen in tne ortho-phospboric acid H 3 P0 4 . 
It is well knowrf to agriculturists that the preparation of superphosphate from a rock 
phosphate entails the conversion of the tri-calcic or insoluble form to the mono- 
calcic or v7ater-soluble form. 

In the same way it is possible to produce more than one combination of 
ammonia and phosphoric acid. The preparation of these combinations, to present 
them in the form and with the texture that makes them suitable for use as fertili¬ 
zers, is still a matter of experiment, and specifications lor the production of am¬ 
monium phosphates are still a notable feature of industrial journals dealing with the 
fertilizer trade. 

Pure mono-ammonium phosphate contains 6r7 per cent, phosphoric acid and 
12'2 per cent, nitrogen, whilst pure di-ammonium phosphate contains 5IV8 per cent, 
phosphoric acid and 21*2 per cent. nit r ogen. It is, of course, only rarely that a 
pure product is possible on a commercial scale, and the a mm onium phosphates 
which are now on the market provide percentages of plant foods which only 
approximate to these figures. In addition it will be seen that these pure materials 
contain a large preponderance of phosphoric acid, and the average manurial scheme 
requires the supply of a greater proportion oi nitrogen. It can be argued that 
mixing with a nitrogenous fertilizer soon adjusts matters, but such mixing is ono of 
the processes which the compound fertilizer aims at making unnecessary, and 
manufacturers have, therefore, endeavoured to add to the nitrogen content of the 
compound fertilizer itself in the process of manufacture. The usual procedure has 
been to replace part of the phosphoric acid with sulphuric acid, so that the 
ultimate product really becomes an intimate mixture of sulphate and phosphate 
of ammonia. In some of the “ compounds ” on tne market it is possible to recognize 
sulphate of ammonia crystals separately from those of the phosphate, but in the more 
successful materials the precipitation from doublo solution is earned out in such a 
manner as to provide a material that is homogeneous in texture. The use of the 
word “ compound fertilizer ” for such material as this might be objected to by the 
pure theorist, but it is a difficult matter to suggest an alternative term that can be 
used in practice. At present it is usual to produce two or more grades providing 
different ratios of N: P 2 0 6 . On the Continent several grades of “ Nitro-Phos-Ka ” 
(which includes also potash) are known. In America, two grades of ' ‘ Ammo-Phos ” 
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have been used since 1918, and since this is the material which provides practically 
all our information on the use of compound fertilizers in India and Ceylon, one can 
note here that the ratios of N : P 2 0 6 which they provide are 10-7:')C and 16-5:20. 
During the last few months two grades of “ Nici-Phos ”, presumably produced in 
England, have appeared, whilst during the last few years sucfi materials as 
“ Leuna-Phos ”, “ Monammon-Phos ” and “ Djammon-Phos ” were marketed on a 
small scale in India. 

II. Experiments with compound fertilizers. 

In considering the usefulness of these fertilizers one is perhaps apt to regard 
them purely as novelties, to the exclusion of the fact that they aie sound sources 
of ammonia and phosphoric acid. If a certain amount of ammonia and water- 
soluble phosphoric acid is known to be successful on a certain crop there is no 
logical reason for doubting the usefulness of a compound fertilizer which supplies 
the same amounts of both plant foods. The material with which the ammonia is 
combined makes no difference to the fact that it is ammonia, whilst water-soluble 
phosphouc acid remains so whether it be combined with ammonia or calcium in the 
mono-calcic form. Whilst such a view may appeal to the scientist it is not so 
easy to convince the consumer that this is the case, when it comes to the ieplace- 
nient of fertilizers with which he is accustomed to deal, by fertilizers which, by rea¬ 
son of their variation in manufacture, must be marketed under proprietary names. 
In addition the consumer wishes to know whether any difficulties arise in the use 
of the compound fertilizers which were not known to him with the old forms. It 
is such principles as these, no doubt, which underlie the trials which have been 
made by agricultural scientists and are still being made, in which the compound 
fertilizer is compared in performance with the old types. 

In America a good deal of work has been carried out witl Ammo-Phos from 
the year 1918 onwards, and may be said generally to point to the fact that the 
performance of such combined plant foods is very little different from that of 
mixed fertilizers. If anything, the combined form has shown a slight supeiiority. 
the reason for which is referred to later. In England there has not so fai been 
any interest in the compound fertilizer. This is probably due to the fact that 
none of the principal manufacturers have been interested in the production of 
compound fertilizers until recently, whilst the influence of the Continental and 
American manufacturers has as yet had little effect. Notwithstanding this, the 
following experiments [Garner, 1930] can be quoted from Rothamsted and Woburn 
in 1927 and 1928 respectively. In the first trial mono-ammonium phosphate gave 
a yield of swedes that was as good as that with sulphate of ammonia and 



162 


AGRIOtJliTtJBE AND LIVE-STOCK IN INDIA 


[I, tt. 

superphosphate. The yield was in fact slightly greater, but not significantly so 
when treated statistically. At Woburn tne yield of potatoes using a mixture 
containing di-ammonium phosphate was not significantly different from that in 
which the phosphoric acid was provided by superphosphate. 

These experiments from Rothamsted and Woburn can probably be taken to 
mean that, whilst compound fertilizers have as yet no extensive use in England, 
agriculturists are aware of the possibilities which exist regarding their future. This 
must be the attitude of all agriculturists whose outlook is sound and rational. 

There is a certain amount of evidence in India and Ceylon, which goes to show 
that ammonium phosphate can be regarded as equally efficient as sulphate of 
ammonia plus superphosphate, whilst some practical factors may make the use 
of a compound preferable. Most notable is the work of Hendry [1928 and 1930] 
with Ammo-Phos, Leuna-Phos and Diammon-Phos as fertilizers for paddy in 
Lower Burma. 

These experiments were started in 1927-28 and continued in the following 
year, and the evidence provided deals with the crop manured and the residual 
manurial values to the following crops. In the first year Ammo-Phos only was 
used and briefly one can say that the increase in grain, using 50 to 300 lbB. per 
acre of the 20-20 grade, ranged from 47'7 to 118 - 6 per cent., all of which were 
sound economic returns. The residual value of these dressings to the foliowring 
crops were shown by increases of from 6'9 to 12’3 per cent. When the 13-48 grade 
was used, in the first year the increases from dressings of 50 to 300 lbs. per acre 
ranged from 28'6 to 72'9 per cent., all of which were again profitable. The residual 
values of the 13-48 grade were naturally higher by reason of the greater proportion 
of phosphoric acid, and gave increases of from 3'7 to 271 per cent. In the second 
year also, Leuna-Phos used at rates varying from 50 to 400 lbs. per acre gave 
increases in grain of 39’2 to 200 per cent, and Diammon-Phos at 150 lbs. per acre 
gave an increase of 110'9 per cent. Most notable, however, is the fact that when 
two compound fertilize^ Ammo-Phos, and Diammon-Phos to which some Leuna-Phos 
had been added) were used to supply the same amounts of nitrogen and phosphoric 
acid as a mixture of sulphate of ammonia and superphosphate, the yields in all 
three cases were not significantly different. Hendry commenting on the results 
states that the proportion of N: P a 0 6 for paddy in Burma should be about 1:1 
(from this point of view some of the grades of ammonium phosphate produced 
meet the case admirably). Referring to these experiments and others in Burma, 
Hendry remarks that “ enough (information) has been obtained to make it safe to 
recommend them to the cultivator under suitable conditions.there appears 
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to be no doubt that the profitable manuring of rice will depend in future on this 
type of fertilizer.” 

This, then, gives the information which is wanted. The compound fertilizer in 
this instance is proved to be a material of practical value, and one which compares 
well in performance with ammonia and phosphoric acid in the old forms. 

Other information is available from various sources which shows the compound 
fertilizer to be quite suitable for culti gators’ crops in India. In Bihar and Orissa 
a small dressing of a compound fertilizer has been very successful on poor paddy 
lands [Clouston, 1928; Clouston, 1929 ; Cliff, 1930], and a recommendation regard¬ 
ing Ammo-Phos 20-20 grade is the subject of a leaflet issued by the Department 
of Agriculture [1928]. In Txavancore, Ammo-Phos was tried soon after its intro¬ 
duction into India, and was very favourably reported on by the Department of 
Agriculture [1927-28]. A number of trials have since been made at the Paddy 
Experimental Stations at Nagercoil and Eraniel, and these provide evidence wholly 
in support of the compound fertilizer. In Mysore also the Agricultural Chemist has 
commented very favourably on the conduct of Ammo-Phos in trials on sugarcane 
and paddy [Mysore Department of Agriculture], and in trials conducted by the 
Mysore Experimental Union [1930] compound fertilizers have given results fully 
as good as those with mixtures of fertilizers. It is notable also that the Economic 
Botanist in Ceylon included compound fertilizers in his experiments on paddy 
[Lord. 1930], and the evidence obtained leaves no doubt as to their usefulness. It 
is unnecessary to quote in detail from these trials, and references are appended. 
The main point which evolves is that in all trials so far reported there is not a 
single instance of a compound fertilizer giving results which can be considered 
inferior to those where the plant foods have been provided by separate fertilizers. 
It is true that the trials referred to are in the main connected with rice, and furthei 
information is certainly required regarding the usefulness of compound fertilizers 
with other crops. Experiments are at present being conducted with coffee at the 
Balhonnur station [Coleman, 1930], and it is to be presumed that similar work will 
eventually be undertaken at the tea and rubber experimental stations in India for 
the information of planters. The present may appear a bad time at which to 
discuss questions of manuring, since it may be argued that this only tends to 
aggravate the present difficulties, largely brought about by over-production. At 
the same time it is necessary to realize that manuring is one of the factors making 
for reduction in the cost of production, and the remedy for over-production lies in 
other directions, and not in the removal of this factor. It is quite certain that 
manuring is a practice which must be continued; it should therefore be the policy 
of all agriculturists to arrive at the most economical manuring for each particular 
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crop.- On this point the compound fertilizer must come in for consideration if it 
can be shown to be capable of good performance. Meanwhile, in India, some 
thousands of tons of compound fertilizers are being sold every year, although the 
introduction of the first of them only took place two or three years ago. This, too, 
iB in spite of the extraordinarily depressed agricultural conditions, and it would 
seem therefore that the compound fertilizer is attaining a certain amount of popu¬ 
larity for the “ manuring crops ”, paddy, sugarcane and plantains. It may be 
remarked also that information is available regarding the use of Ammo-Phos on 
crops such as tobacco, sugarcane, etc., in other tropical countries, and it would seem 
that the compound fertilizer is an excellent proposition on most tropical soils. 

III. Theoretical considerations. 

It will be observed that in arriving at the value of the compound fertilizer, 
experimenters have, in the main, used a mixture of sulphate of ammonia and super¬ 
phosphate as a standard for comparison. This is a perfectly logical attitude. 
One can only compare comparable things, and it is therefore nocessary to utilize 
lor standard purposes the “ elementary ” fertilizers which contain ammonia and 
phosphoric acid, whose value to crops, within limits, is known. It is however 
necessary to consider whether the comparison entails any factors which may affect 
performance other than the presence of plant foods. 

In referring to the work in America it was remarked that the experimental 
work had pointed to a slight superiority of the compound fertilizer over the 
mixture. At first it would appear that there is no logical explanation for such a 
slight difference, and it would seem to be due to experimental error only. When 
however the slight superiority, which must be neglected in individual experiment, 
is repeated in a number of experiments over a large area, it is necessary to pay 
some attention to the point, even though it may be only a small one. Exact 
experiments are needed to give some confiimation before it can be definitely assert 
ed that such a superiority in performance actually exists, but at present it can be 
said to be well within the region of possibility. 

In looking for an explanation for this superiority, one must first turn to the 
composition of the materials concerned. The great difference lies in the presence 
of the sulphate radical in ammonium sulphate, and calcium sulphate of the super¬ 
phosphate, and its absence or presence to a lesser extent in the compound ferti¬ 
lizer. This has proved the crux of many a controversy on the subject of effect on 
soil acidity, but even accepting the view that continued use of sulphate may 
adversely affect soil acidity, such a factor is hardly likely to influence an indivi¬ 
dual yield in the first instance. It is more likely that the difference in performance 
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may be commoted with movements of phosphoric acid in the two forms when 
applied to the soil. Work by Waynicke and Leavitt [1930] in California has given 
a possible line on which to work. Thay have found that, whereas scientific view 
is that phosphoric acid from superphosphate is fixed in the first few inches of soil, 
when the phosphoric acid has been combined with ammonium it is capable of 
reaching a considerable depth in soil. In one instance after several applications 
traces of water-soluble phosphoric acid were found at a depth of three feet in a 
clayey loam. 

Definitely comparative experiments are needed, but if it can be established 
as characteristic of the phosphoric acid of ammonium phosphate that it is capable 
of penetrating to a greater area of the root-zone of plants than that of calcium 
phosphate, then the slight superiority of the compouud fertilizer over the mixture 
might be taken to be explained. 

IV. Practical considerations. 

Hendry in Burma found that paddy required nitrogen and phosphoric acid in 
the ratio of 1: 1, and from manurial recommendations in the rest of India it would 
seem that agriculturists in the main agree with this ratio for the other big paddy 
areas. At present there are at least two compound fertilizers marketed which 
supply ratios closely approximating to 1:1, whilst it is to be supposed that if a 
variation from this figure were found to be necessary on a large scale, the necessary 
modification could be carried out in manufacture. It is true that there are areas 
where he soil requires a greater proportion of phosphoric acid. These are largely 
catered for by the unmodified type of compound fertilizer. Where more nitrogen 
is required, it is necessary to add a nitrogenous manure, but as cakes, when cheap, 
are very popular in paddy areas, this imposes no great difficulty. Where cakes are 
not used, a nitrogenous fertilizer such as sulphate of ammonia or cyanamide can be 
used. In the main, however, the 1*1 ratio is the one which is employed and the 
compound fertilizer can be self-sufficing. 

For such crops as sugarcane and plantains, it is usual to employ a large amount 
of nitrogen up to 120 lbs. per acre with a small proportion (about a third) of phos¬ 
phoric acid. With such a large dressing, it becomes necessary to make the appli¬ 
cation in two or three doses. Phosphoric acid and a certain amount of the nitro¬ 
gen should be applied early, and the remainder of the nitrogen as side dressings. 
The compound fertilizer therefore becomes very suitable for the early dressing with 
the complementary applications of cakes, cyanamide, sulphate of ammonia, or 
nitrate of soda, foilowing'later. 
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In the case of crops where fruiting is the main factor to be considered, success* 
ful manuring hinges largely on the phosphoric acid applied, with very careful regu¬ 
lation of the nitrogen. A small proportion of nitrogen is, however, necessary in 
most cases, and the compound fertilizer which approximates to true ammonium 
phosphate is therefore very suitable. The same can be said of leguminous crops, 
in which case (as for instance groundnut) a small application of nitrogen helps 
materially in making good growth in the early stages, whilst a heavy application is 
not necessary. 

For planting crops, it can be said that the available evidence regarding coffee 
points to the suitability of a N:P 2 O s : K a O ratio of about 2:3.4. No compound 
fertilizer at present marketed supplies this ratio, but if a dressing first of the high- 
phosphate type is given, followed by one of the more balanced type, the correct 
ratio is soon obtained. For tea. the rate of application varies considerably with 
local practice, but in general it can be taken that the dressings which are given 
provide nitrogen and phosphoric acid in roughly equal quantities. The pruning 
mixture tends to be more of quickly available plant foods, and the general mixture 
rather of the prolonged-action type with emphasis on the supply of nitrogen. In the 
former, the compound fertilizer alone approximates to the correct ratio, whilst in 
the latter, the compound fertilizer can be used to advantage in mixtures containing 
cakes, rock phosphates, etc. 

It will be seen therefore that the ratios of nitrogen-phosphoric acid provided 
in the ammonium phosphate type of fertilizers which are at present available, are 
well-suited to manurial practice applying at present with the main crops of India 
and Ceylon. The actual facility of manuring which is allowed by the compound 
fertilizer can be well represented in the consideration that a pure mono-anuponium 
phosphate gives a N:P 2 0 6 ratio of 1:5, whilst in practice compound fertilizers are 
provided with ratios of about 1:1. This range provides a sufficient variation for 
the needs of most crops, and when necessary a purely nitrogenous fertilizer can be 
added to provide a predominance of nitrogen. 

Reference so far has been made only to ammonium phosphates. It must be 
realized that a number of other compounds are becoming commercial possibilities. 
The Nitro-Phos-Kas are already well known, and similar grades of compound ferti¬ 
lizers incorporating potash have recently appeared in Amerioa under the name 
“ Ammo-Phos-Ko”. On the Continent, such materials as potassium phosphate, 
ammonium nitrate and double ammonium sulp'hate-nitrate are continually being 
experimented with, and may be expected to play a part in manuring in the future. 
From the practical point of view, however, it seems that ammonium phosphates are 
the most important of the new compounds, to the agriculturists of India and Ceylon, 
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and tlie extension of their use is likely to be one of the most notable developments 
of the future. 


V. Summary. 

Ammonium phosphates, varying in composition according to their chemical 
make-up and mode of manufacture, are being marketed on an increasing scale. 

Experiments have been carried out with them in America and other countries, 
whilst research authorities in England appear to be alive to their possibilities. 
These experiments show, and are confirmed by work carried out in India during the 
last few years, that the ammonium phosphate type of fertilizer can be substituted 
for the “ elementary ” or single plant-food fertilizers, with no detriment to yield. 

There is some possibility that phosphoric acid which is combined with ammo* 
nia may be more effective than that combined with calcium by reason of greater 
penetrative power. 

The proportions of nitrogen and phosphoric acid supplied by compound fertilizers 
at present marketed comply well with current manurial practice in the tropics. 
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The quality of seed being satisfactory, the supplies of nutrients and water in 
the soil being adequate, plant growth depends on a number of bio-chemical pro¬ 
cesses in the soil which in their turn are conditioned by its physico-chemical pro¬ 
perties. The latter are believed to be due mainly to the colloidal matter present 
in the soil. The magnitude of these properties appears to depend on the reactivity 
of this soil fraction. 

The fertilizers that are added to the soil are held by the clay by a process of 
surface absorption that prevent their being washed down into the deeper layers of 
the soil. This process of absorption of fertilizer and other salts is generally attend¬ 
ed with exchange of bases, so that while certain ions are held in a state of absorp¬ 
tion, certain others are disengaged and thrown into the soil solution. For instance, 
when a solution of ammonia or its salts is added to the soil the ammonia is absorbed 
by the clay and lime is disengaged. The physico-chemical properties of the soil 
depend on the nature and extent of the base exchange. 

The exchange of bases by the soil has been under study in recent years. As a 
direct consequence of the knowledge of base exchange, we are now in a position to 
understand better the several reactions that take place in the soil on the addition 
of fertilizers, the causes for the formation of alkaline soils and rational methods of 
amelioration and in general to understand and, if possible, to control some of the 
ways of maintaining soil fertility. 

Judging from the large volume of work that is being done on the subject of 
base exchange in all countries, it would appear that this aspect of soil research 
holds the key position to many problems of .manuring and plant nutrition. 

* Paper mad at the Indian Soienoe Oongreai, Agricultural Seotion, Nagpur, January 1081. 
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The effect of intensive use of fertilizers on the quality of the day complex has 
been under study. The material for the study was obtained from the old and new 
permanent manurial plots of the Central Farm, Coimbatore. The older set of 
plots have been under intensive cultivation and manuring for nearly twenty years, 
while the newer ones for only three years. The soil of the older plots is a brown 
loam and that of the newer plots is black and clayey. The plots are manured and 
cropped according to the following soheme. The plots are ten in number. Seven 
of these receive artificial fertilizers, i.e., nitrogen, phosphoric acid, and potash, alone 
or in combination, while two plots are treated with cattle manure and one is not 
manured at all. 


The general soheme of manuring is as below :— 


FM 


Manure 


1. (No) . 

2. (N) 

3. (N plus K) 

4. (N plus P) 

5. (N plus KpfusP) 

6. (K plus P) . 

7* (K) . . 

8. (P) . . 

9. (C M.) . 

10. (0. M. R.) 


No manure 
. Nitrogen. 

Nitrogen plus potash. 

. Nitrogen plus phosphate. 

• Nitrogen plus potash plus phosphate. 

. Potash plus phosphate. 

. Potash. 

. Phosphate. 

. Oattle manure (oontinuous). 

. Cattle manure (application stopped since 1916 and 
therefore residual). 


The nature and amounts of manures in use have been:— 

Ammonium sulphate . • . • 1 owt per acre lor nitrogen. 

Potassium sulphate . ... 1 cwt. per acre lor potash. 

Superphosphate.3 owts. per acre for phosphate. 

Oattle manure (a mixture of dungs urine 
and litter) .... 6 tons per acre. 

The plots have been under intensive cultivation from their inception with a 
view to emphasise the differential action of the manures. All crops are grown 
under irrigation. The crops usually grown are ragi (Eleusine coracana), ohdlam 
(Andropogon Sorghum ), pani varagu (Panicum miliaoeum ), wheat (Triticum vulgare) 
and occasionally cotton and tobacco. 

The scheme of manuring and fertilizer combinations and cropping in the New 
Permanent Manurial Plots is the same as mentioned above. Only the area is divided 

m-i-OT * 
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into two series, eastern and western. Subsequent to the collection of soil 
samples which form the subject matter of this paper, the plots in the western 
series reoeive artificial fertilizers on light dressings of cattle manure. 

In the present paper the discussion is confined to the effect of artificial 
fertilizers on the composition of the soil (day. The influence of organic manures 
like cattle manure, green manure and oil-cakes will form the subject of a later 
communication. 

The soils from the different plots were examined for the nature and amount of 
replaceable bases contained in them. Good soils are generally characterised by a 
certain amount of richness in their replaceable lime which alone would constitute 
80 to 90 per cent, of the total bases. Continuous manuring of such soils with ammo¬ 
nium sulphate and muriate of potash would be continuously reducing the relative 
proportions of replaceable lime, and the general condition of the soil may in 
consequence deteriorate. 

The object of the analyses is to see to what extent this process has advanced 
in the various plots and the order of effectiveness, if any, of the manurial treat¬ 
ments in bringing about this change. The results of analyses are given in the 
tables appended (pp. 175-176). 

Statistical examination. 

Confining our attention to the values for lime alone, it will be seen that 
differences are obtained between the different treatments. The figures being 
single-values, it would be difficult to say how much of the differences can be attri¬ 
buted to the effect of the fertilizers and how much to the inevitable errors of 
sampling the plots. One reasonable assumption could, however, be made and that 
is, that each of the fertilizers is independent in its action and, in the combinations, 
the effects of each individual fertilizer are only superimposed on those of the others. 
We could then group the various figures, as under, and apply to them statistical 
tests of homogeneity. 


Group (i) Niirogtn 

Group (ii) Potassium 

(N) minus (No manure). 

(K) minus (No manure). 

(N plus K) minus (K). 

(N plus K) minus (N). 

(N plus P) minus (P). 

(K plus P) minus (P). 

(N plus K plus P) minus (K plus P). 

(N plus K plus P) minus (N plus P). 
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The values according to this grouping are as belovr :— 
Old permanent manurials—surface soils. 


Nitrogen gr oup Potassium group 

+ 2*6 —0.3 

+ 0t -15 

+ 1*5 -2*3 

+ 2*2 —2*2 


Moan + 1-58 —1-68 

Standard error of mean ±0 57, ±0 47 


Standard error of mean difference ±0*74 
t (Fiaher’a) «■# 4*54. n » 6. 

The probability that the two groups are samples of one population is very small 
(smaller than 0*01). 


Old permanent manurials — sub-toils. 


-0*4 

+ 1*2 

+1*2 

+0* 

+ 1*8 

+0*0 

+ 1® 

+0*2 

Mean +1*05 

+0-45 

Standard error of mean ± 0*51. 

±029 


Standard error of mean difference ±0*55 
t = 1*1. n = 6. 

The probability that the two groups are samples of one population is high. 


New permanent manurials—^urfaoe soils. 


Nitrogen group Potassium group 

+0 5 ±0*2 

—0*8 4-1-5 

±0*5 —1-1 

±2*4 —0*4 

+03 +4*0 

—8*7 —1*5 

+ 0*6 — 0*6 

-1*2 +0*3 


Mean —0*1 +0*3 

Standard error of mean ± 0*64. ±0*62 


Standard error of mean difference ±0-89 
0*4 

-=.0*447 ; n = 14. 


t (Fisher’s) 


0,80 
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The probability that the two groups are random samplea of one population ia 
high (between 0'70 and 0*60). 

It is seen that in one set the figures yield groups that are statistically dis¬ 
tinguishable and are, therefore, derived from two different populations. The figures 
obtained for the new permanent manurial plots constitute homogeneous groups, 
showing that the influence of the fertilizers is hardly felt at all. Those for the old 
permanent manurial plots, on the other hand, yield groups that are statistically 
units of two different populations. This is evidence of the fact that intensive 
fertilization does change the basic composition of the clay and therefore its general 
condition. 

An examination of the figures for the effects of the individual fertilizers gives 
some interesting results. H. J. Page and Williams [1924-25] examining the soils of 
the Rothamsted Experiment Station has classified fertilizers in the order of their 
increasing powers for replacing caloium. Applying this criterion to the various 
fertilizer treatments, the results for lime, expressed as per cent, of the total replace¬ 
able bases, may be arranged in the following order:— 

Class 1 II in IV 

(a) (P) 00*1 (Mo) 62 7 (K plus P) 58 3 (K) 66 3 

(b) (N plus P) 631 (N) 65'1 (N pitta K) 62 4 

(N plua K jrftts P) 61-6 

The results agree with those of Page. It will be seen that the greater the 
replacing power of the fertilizer, the greater has been the replacement. In further 
support of this, the amount of calcium carbonate present may be considered to 
indicate the total demand on soil lime due to the replacement. Assuming the 
different plotB to have contained the same quantity of carbonate before the ex¬ 
periment started, the reduction due to twenty years of fertilizer application should 
be proportional to the demand. That this is so, is seen from the graph attached. 



if fact of ivaasstf* t»* or mmumu on soil complex 


17S 


. — txchanflre Irme 

._. Carbon- D.ox*dc 



There are, however, some differences between our results and those of 
Rothamsted. The latter are for entirely discounting ammonium sulphate as a 
oalcium-replacing agent on the ground that ammonia rapidly disappears from the 
soil by nitrification. Our results would appear to indicate the contrary view in 
regard to what may be called the lime status of the clay complex. The ammonium 
sulphate treated plots (group b) contain a greater proportion of exchangeable 
lime than the corresponding non-ammoni im sulphate treated plots (group a). 

There are two possible explanations. The one is that the ammonium sulphate 
treated plot being located at one end of the experimental block had had the 
advantage of an initial start of a higher lime status than the others. The other 
explanation is that the nitric acid resulting from the oxidation of ammonia in 
ammonium sulphate had acted on the calcium carbonate reserves of the soil and 
maintained in the soil solution of these {dots a higher level of calcium concentra¬ 
tion, with the result that the exchangeable lime of the original soil in general has 
had a less active role in exohange reactions and is, therefore, better preserved in 
the clay complex itself. We are inclined to the latter view, and support to this 
mi obtainable from certain of our other experiments where soil-solution studies of 
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soils to which different manures had been applied were made. The relevant 
portions of the results are :— 


Fortnightly i ound of 
analyses 

1 

2 

3 | 

i 

4 1 

5 

1 

ft 

Unmanured plots . . 

Ammonium sulphate plots 

36*4 

02-3 

CaO 

22*4 

51-1 

i 

as parts per 

28*3 

28*2 

million of si 

27-3 

70-2 

nl. 

40*2 

65-2 

28-5 

68-6 


The lime in soil-solution of the ammonium sulphate plots iB always higher than 
that of the untreated plots. 

It will be seen from Table II that a statistical analysis of the results for the 
sub-soils from the old permanent manunal plots does not give statistically distin¬ 
guishable groups, showing that the differential fertilizer treatments have not 
affected the sub-soils. This state of the sub-soils may be taken as a rough indica¬ 
tion of the condition of the soil before the experiment began. Similar results were 
obtained by Ogg and Dow [1928] with certain Scottish soils, and by W. H. Metzger 
[1930] in America. 

Another interesting point is that the soda content of the clay-complex of the 
soil from new permanent manurial plots is higher than that of the old permanent 
manurial plots whose soil is lighter, more easily worked and better drained than 
that of the new permanent manurials. The limits up to which the depletion of 
lime from, or the entry of soda into, the clay-complex could be allowed to proceed 
with safety, is under investigation. 


Sommaby. 

The influence of intensive manuring with artificials on the exchangeable bases 
of soils are studied. 

These influences are confined only to the surface layer of the soil. 

Agreement with 1’age and Williams is obtained when these manures are arrang¬ 
ed in the order of their lime-replacing powers except in the case of ammonium 
sulphate 

An alternative theory of the action of ammonium sulphate 1 b put forward and 
evidence in support of the same is advanced. 
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Replaceable Bases op the Old and New Permanent Manurial 
Plots. (Expressed in milligram-equivalents per 100 gems. 

OP AIR-DRY SOIL). 


Table I. 

Old Permanent Mannrials—Surface soils. 



Lime 

Magnesia 

Potanh 

Soda 

Lime 

Total Bases 
per oent. 

No manure 


m 


14*0 

6-0 

0-3 

1-8 

62 *7 

N . 



. 

10*(> 

6-7 

0*3 

1-9 

(55-1 

N plus K . 




14-3 


0-4 

1-9 

62-4 

N phi* P 

• 



17 *1 


0-2 

2*3 

63*1 

N plus P plus K . 




14-9 


0*4 

1-7 

61*0 

K plvs V . 




13-4 

7-4 

0-5 

1*7 

58-3 

K . 

• 



14-3 

h-4 

0-0 

2-1 

66*3 

P . 

• 



14*9 

7*3 

0-3 

1 

2*1 

CO'l 


Table II. 

Old Permanent Mannrials - Sub-soils. 
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Table III. 

New Permanent Mann rial*—Eastern eerie*—Surface soils. 










lime 





Lime 

Magnesia 

Poteah 

Soda 

Total Base 

No manure 

. 


• 

16*3 

7*1 

08 

6*9 

per oent. 

64*2 

N . 

• 



16-8 

6-7 

0* 

4*7 

67*7 

N plus K • 

• 


• 

16*7 

60 

1*0 

4*3 

66*9 

N plv» P # 

• 


• 

183 

6*6 

08 

4*2 

61*2 

XpluiKfXusP . 

• 



17-9 

6*1 

1*0 

3*9 

619 

KpiusV . 




17-4 

6*6 

0*9 

87 

633 

K . 

. 



16-5 

0*0 

1*1 

3*9 

60*0 

P 

• 



15*9 

0*2 

0*7 

38 

69 8 


Table IV. 

New Permanent Manurials—Western series—Surface soils. 
















THE CHEMICAL STUDY OF THE EFFECT OF FROST ON CANE 
CROP AND 0 072-MAKING FROM FROST-AFFECTED CANES 
IN THE DISTRICT OF AHMEDNAGAR IN 1929 * 

BY 
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AND 

N. G. APTE, B.Ao., 

Assistant to the Agricultural Chemist, Poona. 

The oold wave which oame on 31st January, 1st and 2nd February, 1929, 
damaged the oane crop enormously in the whole tract under the Godavari and 
Pravara Canale. The effect of this was seen in (1) drying up of the leaves, (2) 
burning of the top shoots, (3) rotting of the growing points (being an after-effect) 
with spread of rot from top downwards, and (4) sprouting of eye-buds in all-types 
of oanea. viz., plant cane, ratoon oane and Adsali cane (of June and July planting). 
The variety ot cane grown is Pundia (a thick, soft, juicy cane). The temperatures 


recorded were as follows 

January 31,1939 

February 1, 1929 

February 2,1929 

Max. 

Min. 

Max. Min 

Max* 

Mil 

70°P. 

44°P. 

70°F. 34°F. 

75° F. 

35°I 


Owing to the damage being of different nature and severity in the different 
cases, study was taken up to investigate chemically in order to get a clear idea as 
to the causes of losses and the possibilities of remedying the same, if possible. 

Early harvesting was inevitable, as the growth was stopped owing to the rott¬ 
ing of the shoot and sprouting of the eye-buds. There were no hopes for the 
affected canes to grow into a normal crop, but there was likelihood of the deteriora¬ 
tion of the constituents of cane and juice. Experiments were conducted at Koper- 
gaon, the centre of the affected area. 

After examining a number of samples of affected and unaffected canes, it was 
found necessary to continue the tests to study the after-effects of frost on the con- 


* Paper road at the Indian Soience Congress, Agricultural Section, Nagpur, January 1931. 
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stituente. The following scheme was adopted to study these ohanges from day to 
day. Five plots were selected of ten gunthas (1 acre) each of the following types 
of eane crops:— 

(1) Plant cane (sum) of February planting—affected. 

(2) Plant cane (sum) of February planting—unaffected. 

(3) Ratoon cane (1st ratoon khodwa) March cutting—affected. 

(4) Ratoon cane (1st ratoon hhod/uia) March cutting—unaffected. 

(5) Adsali cane of June or July planting—affected. 

There was no plot available under Adsali cane which was not affected. The 
term ‘ unaffected ' is used in case of cane which showed no outward signs of damage 
that are enumerated above. The samples of canes just sufficient for one boiling 
(nearly 2,000 lbs. of stripped cane) were taken from the above plots separately on 
every fourth day for the first three trials and every eighth day for the next three 
trials. In all five samples were taken every time and six such trials were conducted, 
the dates being 20th, 23rd and 20th February and 5th, J 2th and 19th March, 1929. 
The following determinations were made in the juice, viz.. (1) Brix, (2) glucose 
(reducing sugars), (3) sucrose (non-reducing sugars) and (4) acidity. Also the 
weight of cane per acre and weight of gur per acre were calculated for that day. 

General record of the crop conditions and cane weights was kept. The juices 
from the above cane samples were boiled to gur, separately noting the w eights and 
quality of gur. Gur samples also were analysed. 

A great many samples of cane and juice from affecUd and non-affected canes 
were analysed from the different places in the affected area from the cultivators’ 
fields to compare the results with those under control conditions. 

Methods of Analysis. . 

The sugars have been estimated by the Fehling’s volumetric modification 
method. 

Acidity has been found by titrating with standard alkali UBing phenolphthalein 
as indicator, and iB expressed in terms of grms. of KOH per 100 c.c. of juice and in 
case of gur per 100 grms. of gur. 

Conclusions of Experimental Tests. 

Purity .—In all 33 tests were taken. It can be Baid in general that the purity 
was low (normal 86 to 92; in the affected canes 45 to 90), which could be attributed 
to:— 

(1) The cane being premature for harvesting. 

(2) The growth being arrested by frost. 
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(3) Burning of the growing point. 

(4) Subsequent rotting of the shoot. 

(5) Inversion of sucrose by sprouting of the dormant buds. 

Glucose .—The percentage of glucose increased by 20 to 66. But there was no 
further increase in the amount as an after-effect to an appreciable extent compared 
with the unaffected canes (normal glucose 1 to 1' 5 per cent, increased to 1* 2 to 2*5 
per cent.). 

Sucrose and Brix ,—There was a derided decrease in the percentage of sucrose 
(normal 17 to 18 per cent, decreased to 8 to 15 per cent.). This had a bad effect 
on the quality of juice and also on the quantity and quality of gur in case of both 
affected and unaffected canes. There was no regular fall in Brix (though the figures 
themselves are low) from day to day (the actual figures being, normal 18° to 20°, 
and changed figures 13° to 20°). The tests were started 20 days after the frost. 
There was a slight increase in Brix in case of unaffected ratoon. 

Acidity.—The acidity generally speaking was not far from the normal and did 
not show much variation from day to day. 


CONCLUSIONS OP (WR-MAKING TRIALS FROM EXPERIMENTAL PLOTS. 

There had been no defect in Brix reading from day to day but there was 
increase in certain cases up to 2'5°, though of course the Brix was below that which 
is found in a normal year. Yet in almost all cases there was lowering of yield in 
gur and also the quality of gur was rather inferior in every case but more pronounc¬ 
ed in plant and Adsali canes. 

This was due to the actual physiological effect of frost on cane crop, and as a 
result there had been inversion of Bucrose and therefore comparative increase in 
glucose and also probably to the presence of higher amounts of albuminoids and 
other substances. 

The proportion of gur to Brix was not constant and in most c^ses was lower 
than that which is usually found, showing that there was greater quantity of other 
soluble Bolids than sugars. This is a general fact seen from a number of trials done 
on the cultivators’ fields. 

There was no further loss in the quantity of gur or deterioration in juice as an 
after-effect of frost as observed from 20th February onwards. This was what was 
expected, as rotting did not continue beyond tv o to three internodes from the top. 

The results of the trials are given in statements in the Appendix (p. 199). 
Photographs of the plots are given in Plates XI and XII. 
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The Method of preparing Ow. 

The following method of preparing solid marketable gw from the juice of 
affected oanes was recommended to give relief to the cultivators in getting over the 
difficulties in jrur-making from immature and frost-affected canes. Materials 
required for clarification are:— 

(1) Bhendi or wild bhendi (Hibiscus sscvilantus) stalks. These are extracted 

with water, and the mucilage extract thus obtained is used. (4 plants 

extracted in 4 gallons of water for 1 pan.) 

(2) Solution of sajji-khar (mixture of sodium bicarbonate, sodium carbonate 

and sodium sulphide), 5 per cent, solution. 

(3) Lime water. (Quantity depending on the amount of acidity of the 

juice.) 


The darification or boiling of juioe. 

The most important part consists in the proper boiling of the juice and in the 
removal of the scum efficiently before and after the clarifying agents are used. 
The first scum separates at 84° —88° C. when it should bo removed, while the tem¬ 
perature should not be allowed to rise over 90° 0. This is the stage before ebulli¬ 
tion. After removing the first scum, the mucilage extract is added and fire is 
adjusted so as to keep the temperature near ebullition point when seoond scum 
collects. Heating should be done slowly so as to facilitate the ^wr-boiler to remove 
all scum. This is then completely removed and the temperature is raised above 
the ebullition ujHa, i.e., to 92°—94° 0. and maintained while the sajjt water is 
added by sprinkling, according to requirements. Third scum separates dut and 
bleaching of colour is effected to some extent. If the juice becomes quite clear, 
the boiling may be continued by the usual way. No further care is necessary 
except to remove the scum which collects in smaller bits. The pan should be 
struck at the proper temperature or at the proper goli stage. 

As the use of the mjji solution and lime water depends upon the nature of the 
juice, it should be ascertained in the particular cases by trials and judged by the 
quality and type oignr that is produced. There is no general rule that can be laid 
down about the necessity and quantity of these materials to be used. But if above 
precautions are followed the gur-boiler can easily find out the quantities in a trial 
of one boiling and adjust the proportions accordingly. 

When sajjt solution is used there is no necessity for the addition of washing 
soda at all, as some jur-boilers are in the habit of using. 
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APPENDIX. 

Plant cans affected. (Plate XI, fig. 1.) 

This gives the results of eight trials taken with plant cane from the 20th Feb¬ 
ruary to the 2nd April, 1929. There were two extra trials taken on the 26th March 
and the 2nd April as the cane was available. The following are the figures of 
analyses of juice and the yields of cane audjfwr in lbs-, calculated on acre-basis 
for that particular date. 


Statement I. 

Planted in February 1928. Variety of cane—Pundia. 


Date 

Analysis of juioe 

YlBLDS 

1020 


Reducing 

SUgOTB 

(glucose) 
per cent. 

Non-red. 
sugars 
(sucrose) 
per cent. 

Acidity— 
in grins, of 
KOH per 
100 o.o. of 
juioe 

Purity 
per cent. 

Weight of 
cane per 
acre, 
lbe 

Weight of 
g\tr per 
acre, 
lb*. 

20-2 

17*64° 

1-743 

15*474 

0*077 

87-22 



23-2 

14-96° 

2*187 

10-634 

0*089 

68*81 

■ 09,980 

7,803 

26-2 

16-30° 

i-m 

11*643 

0077 

75*80 



6*3 

16 * 74 ° 

2262 

12*173 

0*061 

72*75 

68,070 

0,586 

12-3 

15 * 67 ° 

1*817 

10*006 

0*004 

69-GO 

74,661 

6,606 

10-3 

15 -* S ° 

1*605 

0*274 

0*055 

60*52 

76,083 

7,808 

26-3 

14 - 30 ° 

2*106 

10*660 

0*061 

74*54 

67,673 

7,180 

2-4 

18 - 33 ° 

2*175 

11*006 

0*083 

66*30 

64,847 

4,766 


Purity is vary low and is more or less on the side of decrease from day to day. 
Glucose is on the whole very high. The impurities in the juke are more. There 
was difficulty in getting gur. 
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Plant oanb unaffected. (Plate XI, fio 2.) 

This table gives the results of six regular trials from 20th February to 19th 
March, 1929. 

The following are the figures of the analyses of juioe and of yields calculated 
on acre-basis for that date in point of weight of cane and gur. 

Statement 11. 


Planted in February 1928. Variety of cane—Pundia. 


Date 

Analyses of juice ] 

» 

Yields 

1029 

Brix 

(corrected) 

Reducing 
sugars 
(gluooee) 
per cent. 

Non*red. 
sugars 
(sucrose) 
per cent. 

Aoidity 
in grins, 
of KOH 
per 100 
c. o. of 
juioe 

■ 

B 

Wt. of 
cane per 
acre, 
lbs. 

Wt. oi 
pur per 
acre, 
lbs 

20-2 . 

• 

17*43° 

1*866 

13*812 

0*089 

79*24 



23-2 . 

• 

17*56° 

1*690 

12-948 

004! 

73*73 

>84,522 

9,390 

26-2. 

• 

16*25° 

1-534 

10*325 

0*066 

67'88 

J 

* 

6-3 . 

• ( 

15*24° 

2276 

10*810 

0 083 

70*93 

90,750 

9,301 

2-8 • 

• 

17*09° 

1505 

11*688 

0*105 

68*39 

98,892 

11*075 

10-8 . 

• 

18*28° 

1384 

10335 

i 

0*088 

56 54 

88,548 

8,987 


The purity is low comparatively. The Brix is below the normal. Glucose 
is rather much. Tbs gur obtained is of rather inferior quality, though not so much 
lower in quantity. 
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Ratoon cane affected. (Plate XI, fig. 3.) 

This statement gives results of six trials commencing on 20th February and 
ending on 10th March, 1930. The figures for gur and oane weight are calculated 
for that particular day on acre-basis. 

Statement III. 


Planted in—out in March 1928. Variety of cane—Pundia. 


Date 

Analyses of juice 

Yields 

1929 

H 

■ 

Reducing 
Sugars 
(glucose) 
per cent. 

Non-red. 
sugars 
(sucrose) 
per cent. 

Acidity 
in grins, 
of KOH 
per 100 
o. o. of 
juice 

Purity 
per cent. 

Wt. of 
cane per 
acre, 
lbs. 

Wt. of 
gur per 
acre, 
lbs. 

20-2 . 


19 08° 

1*034 

17*266 

0*096 

90 49 

*N 



23-2 . 

* 

19* 10° 

1'415 

10 534 

0*077 

55*15 


- 41,734 

5,112 

20-2 . 

• 

19*51° 

1095 

13*074 

0 077 

67 01 

J 



5-3 . 

• 

18*88° 

1*415 

14*140 

0 083 

74*89 


64,403 

7,953 

12-3 . 

• 

19*90° 

1*339 

11*142 

0*083 

56*10 


q 

74,270 

9,469 

19-3. 

• 

19*55° 

i 

1*192 

8*862 

0*083 

45*33 


51,304 

7,054 


Though the Brix is very high the quality of the juice is very low and so also 
the purity, Sucrose being low, the quality of gur obtained was inferior. 
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Ratoon cans unaftkotbd. (Flats XII, no. 1.) 

This statement gives results of six trials from February 20th to March 19th. 
The analytical figures for juice are given ; the cane weight and gur obtained from 
the boiling are calculated on acre-basis and are given for that particular day. 

Statement IV. 

Planted in—out in March 1928. Variety of oane—Pundia. 


Date 

Analyses of juioe 

Yields 

1929 

Brix 

(corrected) 

Reducing 
sugars 
(glucose) 
per cent. 

Non-red. 
sugars 
(sucrose) 
per cent. 

Acidity 
in grms. 
of KOH 
per 100 
o. o. of 
juioe 

Purity 
per cent. 

Wt. of 
oane per 
acre, 
lbs. 

Wt. of 
gur per 
aore, 
lbs. 

20-2 . 


17 07° 

1-590 

10 430 

0 090 

69*00 



23-2 . 


18-37° 

1-585 

13128 

0*083 

71-40 

► 73,923 

8,799 

26*2 . 

• 

19*40° 

1*220 

11*283 

0*000 

5816 


• 

6-3. 

• 

20 88° 

1018 

15*303 

0*006 

73*68 

75,793 

10,269 

12-8 • 

• 

19*31° 

1-636 

10*409 

0*077 

63*90 

72,313 

8,424 

19 - 2 . 

• 

20*10° 

1*073 

12*640 

0*001 

62-39 

72,000 

8,131 

’ 


Brix is on the increase and so also the purity. The quality of gut obtained was 
comparatively superior. There was not much defect in the yield. 
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ADSALI CANE AFFECTED. (PLATE XII, FIG 2.) 

Tflis statement gives one more trial in addition to the six (on 26th March). 
The figures for gur weight and cane weight are calculated on acre-basis from the 
area out for that boiling. 

No plot for comparison could be obtained for this plot as practically the whole 
of the crop was affected, and not even a stray crop could be obtained in the locality 
which showed less damage. Besides this there is much variation in the time of 
planting of this cane (the age varying from 4 to 8 months and that of this cane 
being 7 months). This was another difficulty in getting a control for this plot. 


Statement V. 

Planted in July 1928. Variety of cane—Pundia. 


Date 


Analyses of juice 

Yields 

1929 


Brix 

(corrected) 

Reducing 
sugars 
(glucose) 
per cent. 

Non-re¬ 
ducing 
sugars 
(sucrose) 
per cent. 

Acidity 
in grms. 
of KOH 
per 100 
c.c. of 
juice 

Purity 
per cent. 

Wt. of 
cane per 
aore, 
lbs 

Wt. of 
gur per 
acre, 
lbs. 

22-2 . 


13-49° 

2-568 

8 011 

0*089 

59-39 



23-2 . 


14-93° 

1-823 

8072 

0*089 

54-13 

► 46,826 

4,604 

26-2 . 

• 

li-er 

2189 

9-476 

0105 

64-59 



5-3 . 

• 

14-22° 

2-493 

8-959 

0105 

63*00 

54,004 

5,130 

12-3 . 

9 

14-25° 

2-492 

8*078 

0105 

56*69 

54,763 

8,387 

19-3 . 

• 

14-83° 

2027 

9-375 

0-097 

63*22 

45,787 

4,189 

26-8 . 

• 

15-50° 

1*78 

11-178 

0 077 

72*10 

44,649 

4,576 


Both the purity and Brix are low. Glucose is very high as well as acidity, and 
henoe the difficulty in getting gur. There is no further effect on the quality of 
juice due to frost. 

1 LI-1-137 s 
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Analytical data von plant, ratoon and Adsali canes prom cultivators’ plots. 

The following statement shows the analysis of juice of the samples of affected 
canes sent by the cultivators. These are selected from cultivators’ fields on both 
the canals to see the effect in the whole area. 


Statement VI. 


Type of cane 

Brix 

Reducing 
sugars 
(gluoose) 
per oent. 

Non-re- 

duoing 

sugars 

(suorose) 

percent 

Acidity 
in grins, 
of&oa 
per 100 
<M). of 
juioe 

I 

Polity 
per wot. 

Plant cane affected .... 

17-6° 

1-64 

11-296 

0-11 

64*6 

Ditto .... 

15-73° 

2-63 

1006 

0077 

64*0 

Ditto .... 

16-81° 

1-303 

0164 

0*099 

64*6 

Ratoon cane affected .... 

17 63° 

1639 

9-62 

0149 

64*8 

Ditto. 

19 8° 

1'58 

746 

0*0177 

386 

Ditto. 

19-42° 

1*033 

10104 

1 

0068 

62*3 

Ad*ali cane affected 

13-85° 

2-388 

6-723 

Oil 

48*6 

Ditto .... 

13-66° 

8*486 

6-777 

0-16 

49*6 

Ditto . 

13*77 

3*66 

7-39 

Oil 

631 


On the whole the figures for Brix are slightly lower than the normal. The 
quality of the juioe was not of the right sort. The percentage of the gluoose being 
higher, good crystalline gur could not be obtained in these oases though solid gar 
was prepared out of these canes. 
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Analysis of s&lbotxd samplbs of gktb from thb trials takbn. 

The followin g table gives the figures of analyses of gur taken at an interval of 
14 days since there seemed no difference in the intervening samples. 


Statement VII. 


Name and date 

Glucose 
per cent 

Sucrose 
per oent. 

Acidity 

KOH 

per 

100 o.o. 

Albumi 
noids 
per oent. 

Nitrogen 
per oent. 

Remarks 

20-2-20— 








Plant oane A. 


17*03 

58-44 

0-38 

1-69 

0-27 

A.—Affected* 

Ratoon oane A. . 


14-29 

64-06 

0-37 

1-28 

0*20 


Adsali oane A. 

• 

17-69 

58-07 

0-67 

1-88 

0-30 


Plant oane UnA. . 

a 

13*38 

70-29 

0*30 

0*85 

0*14 

UnA,—Unaffooted. 

Ratoon oane UnA. 

• 

15*85 

07-27 

0-00 

1*1S 

0*19 


5-3-29— 








Plant oane A. 

• 

10-99 

03-54 

0-50 

1-44 

0*23 


Ratoon oane A. . 

• 

10-05 

61-94 

0-50 

0*94 

015 


Adsali oane A. . 


16-05 

00*75 

0-71 

2-00 

0-32 


Plant oane UnA. . 


16-50 

63 95 

0-39 

1-00 

010 


Ratoon oane UnA. 


15*95 

03‘20 

0*35 

0-81 

013 


19-3-29— 

Plant oane A. 


18-18 

04-39 

0-75 

1-03 

0-20 


Ratoon oane A. . 


12*44 

73*35 

0*47 

1-22 

0-195 


Adsali oane A. 


16-25 

57-21 

0-70 

1-23 

0196 


Plant oane UnA* . 


1605 

69-93 

0-47 

0*81 

0-13 


Ratoon oane UnA* 


10-28 

59-97 

0*58 

1-14 

0-18 


Miac. samples— 

Plant oane A. 


20-00 

66*26 

0-56 

1-00 

0-10 

Treated with 








bhendi. 

Plant oane A. 


22-41 

58’39 

0*73 

1*09 

0*27 

Not treated with 








bhtndi, 

Adsali Young A. . 

1 

1015 

69-82 

0*78 

1-25 

0-20 


Nidwa A. , 

• 


62*09 

0-50 

1*14 

0*18 


Ratoon A. . 

• 

1 


65*95 

0*07 

114 

0*18 
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On the whole it can be said that the quantity of glucose is higher by 15 to 20 
per cent, from the normal and there is reduction of sucrose by about 25 per cent, 
in the afiected canes as compared with the usual normal figure. Under the unaffected 
plant and ratoon the decrease is also seen because the wave had passed over the 
crop having damaging effect on the quality of juice, though for outward appear¬ 
ance there was no affection. 

In the case of Adsali cane affection was the most which is vividly seen in 
lowering in the sugars and increase in the albuminoids. There was no crystalline 
appearance to the gur obtained from Adsali. 

The figures of acidity do not vary much from the normal. 

These gur samples were analysed in July 1929 (four months after the above 
experimental trials). The analysis could not be taken up earlier. This fact should 
be considered while reading these figures. 



SOIL CONDITIONS AS AFFECTING- THE GROWTH AND 
MATURITY OF SUGARCANE IN THE DISTRICT OF SARAN * 

BY 

M. N. GHOSH, M. A (Cal.), 

Offg. Agricultural Chemist to Government , Bihar and Orissa. 

The district of Satan in North Bihar contains five sugar factories, and there 
are two others just beyond its border but which draw largely on the district for 
their supply of sugarcane. Sugarcane thus forms a very important paying crop 
here, and any condition that interferes with the proper growth and the maturity of 
the crop is well worth investigation. 

The varieties of sugarcane that at present hold the field are the local canes, viz., 
the Rheora and the Bhuri or Bhurli. They are, however, being largely ousted 
by the Coimbatore varieties, of which Co. 213, Co. 210 and Co. 206 form the 
ohief favourites. The average yield of these canes per aore is 700 to 800 mds. for 
Go. 213, 600 to 700 mis. for Co. 20o, 600 mds. for Co. 210, and 300 to 400 mds. 
for the local varieties. It is no wonder, therefore, that the heavy-yielding and 
quicldy-growing Co. canes would naturally replace the local ones, and that Co. 213 
would be the variety most liked. Of late years, however, there has been a set¬ 
back, for Co. 213 is being found yellowing and withering up at the end of the rains. 
The first indications are a pale appearance of the leaves which starts from the top 
moving down along the back of the leaf through the spaces between the parallel 
venations. In a few days the paleness turns distinctly yellow and then brown, 
resulting in oomplete withering of the leaf. 

This was first noticed in the Sepaya farm, which is situated near the north¬ 
east oorner of the district, in the year 1926. That year there was a high rise of sub¬ 
soil water level in August, following floods in the rivers, to within two feet of the 
surface. It is not known when exactly the canes got affected, but the yellowing 
was very bad in September and was fairly widespread over a tract extending from 
Sepaya to Siwan about 40 miles south and beyond. No systematic investigation 
was undertaken as the canes recovered by themselves soon after the October rains. 
No fungus was detected, there was some attack by insects on the canes, but it was 
never of any magnitude to justify the almost wholesale siokness of the crop in 
many fields. 


* Paper read at the Iudiiin Science Congreae, Agricnliuial Section, Nagpur, January 1931. 
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This sickness, or whatever it may be called, is seen only in the distriot of Satan 
affecting the cane Co. 213 first, and in its worst form it appears in the east of 
Gopalganj and Siwan Sub-divisions and partly in the Chapra Sub-division. 
Manuring, viz., the addition of nitrogen and phosphoric acid and also of such salts 
as iron or manganese sulphate, has not been able to prevent it. This yellowing 
disease has never been seen in other North Bihar districts, viz., Muzsffarpur, 
Darbhanga, North Bhagalpur or Purnea, and, so far as at present known, it is 
confined to the Saran district only and in one thana of the neighbouring district 
of Champaran on the other side of the Gandak. 

The district of Saran has the shape of an isosceles triangle of which the equal 
sides are formed, one by the river Gandak and the other by the river Gogra and, 
after its confluence with the Ganges, by the Ganges. The country is a vast plain 
with a gentle slope from north to south. There are several small rivers in the 
district running the whole length north to south. The soil is a light loam and 
usually contains enough moisture throughout the year so as not to need irrigation. 
In the rainy season wnen the big rivers are in high flood there is a considerable 
rise of sub-soil water level in the tracts bordering on the rivers. In May and June 
this level stands at about 10 feet below the surface. After the breaking in of the 
monsoon there is a rapid rise of the water level which at Sepaya in the highest 
flood time reaches to within 2 ft. 6 ins. from the ground. 

This high rise of sub soil water, in a year in which rainfall is deficient or in 
which a considerable break in the rains occurs, is often accompanied by a rise of 
soluble salts within the st il area covered by sugarcane roots. When this happens 
the delicate Co. 213 is the first to succumb, its growth stops, the leaves begin to 
get yellow and often a patch is formed in the field having sickly canes in the midst 
of healthy ones. Co. 210 is much more resistant to this drought and tttar conditions, 
and Co. 205 is still more so, and they do not usually suffer. Though evaporation 
from the surface of the ground is reduced much on account of its being shaded by 
the thickly growing plants, the loss of moisture by transpiration and root- 
absorption is considerable and probably takes place at a more rapid rate than 
what can be replaced by the rise from below. In consequence, a greater concentra¬ 
tion of salts in the root area takes place. The Co. 213 canes become thus more 
sickly and soon the top leaves die. If the drought continues, Co. 210 and even 
Go. 205 may suffer. A good shower of timely rain, however, checks the spread of 
the yellowing, and if the top shoots are not dead by then, the cane revives and 
continues to grow. 

Even if the cane recovers and grows, it seldom attains proper maturity. The 
yellowing of leaves stops carbohydrate formation at the most important period of 
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its growth, and before the cane has regained its strength and balance the cold 
weather sets in, preventing further improvement. The sucrose content of the 
juice of each canes remains miserably low and was found in 1929 to be between 7 
and 8 per cent, in January. Even when canes were not visibly affected, they do not 
attain the same juice-richness as one finds in the same variety in other parts of the 
province. The highest richness of Co. 213 juice in February-March is 13-14 
per cent, of sucrose, while in South Bihar it goes up to 19 per cent, on the juice. 

Similar remarks apply to the canes Co. 210 and Co. 205. No definite period of 
maturity is observed for either cane. For the greater part of January and Feb¬ 
ruary, the juice-richness remains low, fluctuating between 12 and 13 per cent, 
and seldom exceeds the latter figure. The climate as well as the soil with its 
moisture and soluble salts at the maturing time do not secure proper conditions 
for maturity. Though these canes do not always show the visible symptoms of the 
sickness by which Co. 213 is visited in the rainy season, their growth is nevertheless 
impeded by the conditions then obtaining and is probably not complete at the 
time when the cane ought to mature. In 1927 Co. 210 gave all the indications of 
a late maturing cane, and it was only in the middle of April that its juice reached 
16 per cent, of sucrose. 

This yellowing and its consequences occur almost every year in Sepaya and its 
immediate neighbourhood. Being only four miles off from the river Gandak, its 
sub-soil water-level is nearer the surface than of places further west. But the sick¬ 
ness does not always attract notice until it reaches alarming proportions. In 1929 
Co. 213 was seriously affected over a wide area round Sepaya. The yellowing 
appeared in September soon after the floods in the river receded. A number of 
holes were dug round the good and the affected clumps to see if this was due to the 
sub-soil water reaching the root level and drowning the roots. In all cases the roots 
of the affeoted canes were on much drier ground and there was no indication of 
water-logging. On the other hand, canes standing on a low ground on which water 
actually collected were as healthy as before. Washing the roots of the sick canes 
with water improved the bad clumps and new shoots began to appear. A com¬ 
parison was made, some time later, of the water-soluble salts in the soils of good 
and bad areas (Table A), and it was found that in the soil of the bad area lime had 
been replaced to a large extent by soda after the first six inches. In the good area 
there was a high proportion of CaCO„ and sodium sulphate was entirely absent, 
and though sodium carbonate was fairly plentiful in the top surfaces, it was entirely 
absent below. In the bad area there were more salts and they consisted of the 
more harmful kinds than in the good area. 
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Such a result threw a new light on the investigations. It is not known how 
far the cane Co. 213 is tolerant of the salts. A periodic record of the amount and 
the character of the soluble salts present in the soil is now being kept from Febru¬ 
ary 1930 when the canes were planted in the Sepaya farm. The tables appended 
(Tables I~X) give the salt concentrations at diffeient depths. 

In one of the worst lands (Plot IB, N. W. corner—Table I) in February it will 
be seen that there was a large concentration of soda salts, consisting mainly of 
sodium sulphate in the first foot of the soil. The amount of carbonate of soda was 
low, as a large part of the carbon dioxide found might have been in combination 
with lime as bicarbonate. The chlorides were negligible in the surface up to six 
inches but existed in fair quantities below in the next foot. The high percentage 
of potash salts might be the result of an exchange due to the interaction of soda 
with the soil complex. The highest amount of salts was concentrated in the first 
two six inches, while from the twelvth inch downwards there was not very much 
change. 

The saline accumulation near the surface was not large enough to prevent 
germination. But with the advance of the hot weather, as evaporation proceeded 
from the soil surface and more salts moved up increasing the concentration, the 
young cane plant sickened and died. In May wide gaps were noticed from where 
plants had been wiped out forming a barren space. The analytical figures will be 
found in Table II. The amount of salts increased at all depths. Both lime and 
soda increased correspondingly, and there was a large preponderance of the 
sulphates over the carbonates. 

The surviving cane plants outside the area of this high concentration conti¬ 
nued to grow well. But the soil salts weie rapidly getting poorer in lime and 
richer in soda and the indications were that unless there was an immediate relief 
from this condition, the plants would not long remain in a flourishing state (Table 
III). In May and June there were 5'3 inches of rain and in July 12J inches of 
which nearly 9 inches precipitated in one day. This resulted in a considerable 
lowering of the soluble salts in the soil (Table IIIA). 

It was expected that the July rains washing down the harmful constituents 
and increasing the content of lime would result in an improvement of the condi¬ 
tion of the canes. The one day's heavy rain in July in a field consolidated and 
made compact by the previous rains was not enough to compensate for the 
numerous small show ere that usually fall throughout the month It was followed 
by hot and humid days with a warm sun. The sub-soil water lay 8 feet below the 
surface. The amount of soluble salts was low, much lower than what was found 
in either February and May on account of their being washed away by rain. But 
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still in a comer of the field the deep green leaves of Co. 213 canes were found to be 
turning yellow. 

An examination of the salts present in the two portions of the same field, one 
containing green healthy plants and the other pale yellow ones, showed a consider¬ 
able difference in the quantity and the composition of the soluble salts (Tables IV 
and V). Not only was the total quantity in the bad portion, except in the top six 
inches, everywhere higher than in the good portion, but there was also a large 
diminution in the amount of lime salts and a consequent increase of soda salts in 
the bad area. There were indications, however, that both the good and bad soil 
layers below 18 inohes were rapidly becoming similar in concentration and compo¬ 
sition. It would therefore appear that the difference in the condition of the cane 
in the two fields was due at this stage of growth to the soil conditions in the layers 
between the 12th and 18th inches below the surface. It was here that the cane roots 
of the second and the third order were congregated. The actual quantity of the 
total salts or even of soda in this layer was not as high as in the bad fields in May 
in which canes were then growing. The growth was not disturbed in June. The 
appearance .of wilting in July suggested that the rapidly growing Co. 213 with its 
broad foliage was giving out more water than it was receiving through the roots. 
On examination it was found that the epidermal layers of the sucking root hairs 
were injured or damaged, probably due to long contact with saline soil solutions. 
Tliis injury or damage might have made them inactive or unable to function 
properly so as to meet the heavy demand of water now made by the growing 
crop. 

In good fields the situation was different. In a better drained and more easily 
workable adjoining field in which no yellowing of the canes was visible, the salt 
concentrations were apparently not the same. There was no rise in May over the 
February concentration. Lime increased, and the harmful alkalis which diminished 
were brought down so low that it could be just conceived that the plants had made 
use of and consumed them at a rate which outbalanced the rise from below. But 
though the total salts diminishe.i in July and August, the proportion of the various 
salts did not show a large change. Such an even condition of the field produced 
uniform and healthy canes (Tables I and II). 

In August there were 6 68 ins. of raia in Sepaya, mostly light showers, of which 
one inch fell on three days, viz ., the 1st, 12th and 18th. The affected canes did not 
improve, although salt concentrations had gone down further and accumulated 
below two feet. The sub-soil water level was fluctuating between 7^ ft. in the 
beginning of the month and 6 ft. towards the end. There was no rain in the early 
part of September and the sub-soil water tended to move downwards. Thus a 
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condition akin to drought was established. The top soife were drying and the 
cane plants depended for their nourishment on the lower layers of the soil where 
the salts had now concentrated. In the Siwan sub-division where rainfall was 
much more scanty throughout the season, being l£ ins. in June, 10 ins. in July and 
2 8 ins. in August (as against 6‘9 ins. in June, 12'5 ins. in July and 12'4 ins. in 
August in 1929), the land must have been much too dry for the Oo. 218 to thrive. 
The minimum water-requirement of the cane varieties is not known, but it must 
be much greater for the broad-leafed Co. 213 than the narrow er-leafed Co. 210 and 
Co. 205. This must be the reason why when in the Siwan area Co. 213 was 
yellowing all over, the land, except hero and there, was not dry enough for 
Co. 210. The canes here had not much to contend against the usar conditions of 
the soil as in Sepaya or its neighbourhood, and therefore stood much longer on the 
field in good condition until they began to feel the drought. Irrigation improved 
the condition considerably, and a cultivator of Puraina, a village about 5 miles 
north of Siwan, stated with satisfaction that a day’s watering made the irrigated 
lines of canes greener and taller than the un-irrigated ones. 

It is not the actual amount of salts in the soil, but the strength of the solution 
in soil water that matters in arresting the growth of the plants. Consequently 
although the amount of the salts in some of the plots may appear to be much the 
same, the amount of the water held by the soil particles, if different, would make 
a considerable difference in the solution, and the drier the soil is, the greater being 
the strength of the solution, the more danger there is to the plant. In Table IX, 
the figures for two fields are given. In the first the Co. 210 canes were healthy, 
and in the other they were decidedly weak and becoming pale. The moisture 
content appeared to be different, and it was the lower moisture which yas the 
factor that decided for yellowing, no appreciable difference being perceptible in 
the figures for salts. Similarly with Co. 213. Outside the farm there was 
particularly a good Co. 213 plot. The soluble salts in August apparently presented 
no great difference to that in a farm plot in which canes had badly yeliowed. But 
the former being by the side of a small stream which was then full and whose 
water level was higher than the land, was kept in a wet condition, while the farm 
land was comparatively dry (Table X). 

It must be noted with satisfaction that Co. 210 under these conditions did 
everywhere better than Co. 213. It yellowed in Sepaya where the salts had come 
in, but much later than Co. 213, and was never as bad as Co. 213. It resisted 
drought much better than Co. 213. In the Siwan area it was not unusual to find 
Do. 210 and Co. 213 growing side by side, the one a pleasantly green crop and the 
other sickly-looking and stunted. The Siwan cultivators are showing a preference 
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for this cane to Co. 213, and there is now no Co. 213 in the south and west ol Siwan 
in the otdtivators’ lands. 

An idea of the resistance of Co. 205 to the usar conditions prevailing in 
Sepaya can be had from Tables VI to VIII. Though not particularly as bad 
as that in which canes were wiped out in May, the field was worse as regards 
surface concentration of salts than any other examined. There was no yellowing 
in July, but towards the end of August when droughty conditions prevailed it 
showed signs of yellowing. It is the most tolerant of the canes to the Sepaya 
conditions and is preferred to Co. 213 in the neighbouring diara lands. 

But Co. 205 is a hard cane with a large amount of fibre. Its sugar content 
is not high, though at Sepaya it often produces as much sugar as Co. 213 or more. 
It is also attacked with mosaic disease. Though mosaic has not yet affected the 
tonnage or sugar content of the yield, as it is inherited there is the probability of 
the progeny being seriously affected in some generations. In spite of these defects 
its resistance to yellow sicknesB maintains its popularity. Co. 210 has also been 
noted as very susceptible to fungus diseases. In 1929 at Sepaya it yielded juice 
of very low sugar content and was in this respect behind both Co. 205 and Co. 213. 
Co. 213, as described above, is very much susceptible to adverse soil conditions and 
cannot always be depended upon to produce satisfactory tonnage or rich juice. 
Moreover the plants so weakened fall easy victims to insect attack. 

Though the right cane has not yet been found to suit the district of Saran 
for all weather, yet Co. 213 is easily the heaviest yielding and also the sweetest of 
all the canes so far tried in this district. But it has a precarious existence, as 
rainfall in time and amount cannot always be depended upon to produce favour¬ 
able conditions for prosperous growth. It is not unlikely that conditions may 
arise, if not every year, once in two or three years when this variety may be very 
seriously affected over wide areas. Unless therefore irrigation becomes a habit 
of the cultivator to supplement the defect in rainfall, it is not safe to recommend 
its introduction into the district. From the results of examination of the soluble 
salts in Sepaya, it appears that a deficiency of lime and the consequent increase of 
soda salts produce a physiological unbalance in the cane resulting in sickness. A 
supply of lime in July seems therefore to be an obvious remedy /and the result of 
an application of calcium cyanamide instead of ammonium sulphate may be 
awaited with interest. In the meantime the extended introduction of Co. 213, in 
lands where facilities for irrigation do not exist or where the land is so poor that 
the cost of irrigation cannot be set off against the increased yield of the oane, 
should be proceeded with caution. 



]96 AGRICULTURE AND LIVE-STOCK IS INDIA [ I, U. 

The above discussion of the conditions is based on the results of one year’s 
study only. The investigation is, however, being continued. 

Table A. 

Sugarcane good. 


Inches below the surface 

0—6 

6—12 

12—14 

14—18 

Lower 

Calcium oarbonate 

, 

. 

68*6 

63*6 

69*3 

670 

62*0 

Sodium sulphate . 

. 

• 

Traces 

7*2 

Traoes 

Traoes 

Traoes 

Sodium carbonate . 

> 

• 

16-6 

16*7 

•> 

»* i 

2*6 

Potash salts 

• 


9*2 

10*7 

9*8 

11-7 

10*8 


Sugarcane bad. 


Inohes below the surface . 



* 

0-7 

l 

7—14 | 

14—17 

Lower 

Calcium oarbonate . 

. 


. 

43 4 

32*1 

313 

313 

Sodium sulphate 

• 


• 

9*0 

27 0 

30*0 

29*5 

Sodium carbonate . 

• 


• 

38*7 

30 0 

36*0 

Traces 

Potash salts • 

• 


• 

2-6 

1*8 

i 

2*4 

1*8 


Table I. 

Sepaya, IA (Good land), February 1930. 


Inches below the surface 

0—6 

6—12 

12—18 

18—24 

24—30 

Water-soluble salts 

. 

. 

0-107 

0*096 

0110 

0096 

0-078 

Fb| 0|« AlgOg» PgOg 

• 

• • 

4-67 

312 

5*43 

14*58 

9*61 

CeO * • * * 

e 

• • 

28*02 

32*30 

20*45 

16 62 

16*03 

MgO .... 

• 

• • 

9*25 

6*76 

7*71 

5*21 

11**3 

Na a O • * • • 


• • 

15*50 

11*05 

19*04 

2353 

28 38 

K,0 • • 



9*26 

5*54 

512 

7*24 

7*23 

SO, • • • 


• e 

Traces 

Traoes 

Traoes 

Traoes 

Traoes 

00, • • • • 


4 t 

39-78 

44*23 

51*80 

3440 

30*40 
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Table 1— contd. ’ 

The same land in May 1930. 




00582 
Trace* 
82 00 

11-48 

0-65 

Trace* 

2800 

88-8 


Sepaya, IB (N. W. Comer), Co. 213, February 1930. 


Water-soluble salts 

* 

• 

• 

• 

0*2906 

0*2274 

0186 

0*1860 

0*1672 

F6|0|i Al a O|, PjOj 

• 

• 

• 

e 

4-60 

7*4S 

15*41 

17*26 

20*92 

0*0 • 

• 

« 

• 

• 

960 

8*58 

13*51 

12-16 

17*91 

MgO • * • 

* 

• 

• 

s 

2*08 

Nil 

1*47 

1*17 

2*93 

Na.O . 

• 

• 

• 

ft 

23*86 

19*26 

12*46 

12*3 

6*27 

K,0 

• 

• 

ft 


19*46 

10*02 

12*82 

12*92 

5*18 

S0 3 


• 

• 

ft 

28*60 

20*98 

1376 

22*04 

14*24 

00, . 

• 

• 


ft 

16*60 

13*20 

16*20 

1300 

18*00 

Cl 

• 

ft 

• 

ft 

2*26 

20*64 

14*89 

8*82 

14*55 


24—80 


Inches below the surface 

Water-soluble salts 




Fe g O„ A1,0 3 , P,O g 




CaO .... 




MgO ... • 




Na s O .... 




KjO ... 




SO, ... 


ft 

ft 

01 ... 


ft 

ft 

OOg • . • • 


• 

ft 


0—6 6—12 12—18 18—24 

0-0860 0 0450 0 0850 0-0610 

Traces Traces Traces Traces 

49 43 62-22 47 60 40 98 

• • • • •• ft ft 

12-70 .. 6-02 1 00 

1-40 .. 0 90 

Traces Traces Traces Traces 

7*12 8-44 902 18*70 

88-14 40*32 86*47 89*82 
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Table II. 

Sepaya, IA (Good land), July 1930. 


Inohee below the surface 

0—6 

6—12 

12—18 

18—24 

24—30 

Water-soluble salts 





0-0684 

0 0708 

0-0710 

00770 

01440 

FfijOj, Al 2 O g , PjOj 

. 


* 


Traces 

Traces 

Traces 

Traces 

Traces 

OaO . 

• 




46 86 

35*50 

21-04 

1444 

1050 

MgO < • • 

• 




Traces 

Traces 

Traces 

2-60 

2’80 

Na,0 . 

* 


• 


16-40 

17 88 

1302 

36-69 

37-62 

K|0 



• 


6-46 

2-98 

Traces 

Traces 

0-84 

BOg * . » 

• 


e 


2*61 

3-55 

6-86 

6-86 

4-30 

OOj » • ♦ 

• 

• 

• 


29 69 

27 82 

33 60 

32 26 

18 90 

01 

• 

• 

• 

* 

6-61 

6-30 

10-60 

5*80 

5‘2o 


Sepaya, IB (N. W. Comer), 

Co. 213, May 1930 



Water-soluble salts 

• 

• 

• 

• 

0*5246 

0-4536 

0-2360 

0-3010 

0-2408 

Fe,0„ A1,0,, P,0, 

• 

• 

• 


Traces 

Traces 

Traces 

Traces 

Traoes 

OaO . 

• 

• 


• 

15*52 

7-0 

12-00 

5*73 

14-00 

MgO . 

S 

• 

• 

• 

2 72 

10 

2-23 

2*04 

1-20 

i 

Na,0 

• 

• 

* 

• 

32-50 

304 

87-43 

23-02 

23-04 

K|0 ... 

• 


• 

• 

19-32 

209 

23-00 

25-37 

25-01 

SO* 



• 

♦ 

35*32 

16-6 

20-30 

20-72 

25-50 

01 

• 



• 

13-39 

13-8 

20-90 

13*33 

1185 

00, . 

• 


• 


7-20 

9-01 

10-80 

1002 

10*02 
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Table in. 


Sepaya. IB (S. E. comer), Go. 213, May 1930. 


Ihohes below the surfaoe 

* 


• 

0—6 

6—12 

12—18 

18—24 

24—30 

Water-soluble seH* 


• 

• 


01386 

02120 

0*3130 

01430 

0*1730 

FC|Oj» AljOj, PjOj 

• 

• 

• 

* 

Traces 

Traces 

Traces 

Timm 

Traces 

GaO 


. 


t 

20*00 

0 81 

800 

12*25 

21*01 

MgO . 


. 


• 

0 76 

1018 

3*43 

2-67 

3*81 

Na,0 . 


. 

• 

• 

18*00 

26*06 

20*81 

2100 

24*10 

K,0 . 

• 

r 

• 

• 

012 

7*56 

1056 

5*63 

7*03 

SO, 

• 

• 

• 

• 

10*00 

34*50 

34 37 

43*72 

23-64 

01 

• 

• 

• 

• 

605 

• • 

4 23 

6-64 

4*38 

00, . 

• 

• 


• 

2683 

1413 

10*54 

11*52 

8*08 


Table III-A. 

The same land in August 1930. 


Water-soluble salts 





00610 

0*0802 

0*0772 

00880 

0108O 

Fe,0 4 . 

• 

• 


• 



10*49 

12-00 

10*40 

3«1 

•• 

CkO . 

♦ 

• 


• 


• 

19*68 

14*00 

20-80 

1635 

19*26 

MgO . 

» 





S 

5*70 | 

2-17 

2*26 

749 

7-22 

Na,0 . 

f 





a 

33*02 

42*37 

35*75 

41*80 

23*98 

K,0 . 

• 






0*62 

5*50 

5*33 

465 

6*29 

SO, . 

• 






7*02 

5*87 

1319 

18-63 

15*83 

Cl 







615 

3-75 

6‘85 

2-61 

3*42 

00, . 




* 



2611 

22*00 

21*20 

12-72 

23*15 
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Table IV. 


Sepaya, IA (Yellowing begun), Co. 213, July 1930. 


Inches below the urface 

0—0 

6—12 

12—18 

18—24 

24—30 

Water-soluble salts 




0*0600 

01174 

0*1642 

01222 

0*0066 

Fe t O„ A1A> PjO| . 




2*66 

Trace* 

1*40 

065 

3*60 

CaO . • . 




29*21 

21*70 

6*34 

7-21 

604 

MgO • 




2*88 

2*21 

2*29 

3*09 

4 78 

Na a O » . • » 




20*08 

27*20 

40*32 

36*49 

3201 

X,0 .... 




7*96 

2*29 

1*02 

3*19 

Traces 

SO, • . . . 




6*64 

17*08 

19*58 

1566 

14*54 

CO, ... 




81*54 

17*00 

17*80 

28*04 

28*50 

01 ... 




5*04 

11*47 

14*40 

4*92 

675 


Table V. 

Sepaya, IA (crop still good), Co. 213, July 1930. 


Inches below the turfaoe 

0—6 

0-12 

12—18 

£BS 

24—30 

Water-soluble salt. 

. 

• 

9 

00684 

0 0708 

00716 

0*0770 

001446 

Fe s 0|»Al t 0 8 , P»0 8 



9 

Traces 

Traces 

Traces 

Traces 

Trace. 

CaO .... 



9 

45*86 

35*50 

2904 

14*44 

1060 

MgO ... . 



9 

Trace. 

Traces 

Traoes 

Traoes 

Traces 

N.,9 .... 



9 

1646 

19*88 

13*02 

36*49 

37*52 

K,0 «... 

• 


9 

6-46 

2*93 

Traoes 

Traces 

0*84 

80, ... 

• 

9 

9 

2-61 

3*55 | 

6*86 

5*85 

20*30 

CO* . 

• 

9 


29-69 

29*82 

33 00 

82 25 

18*90 

Cl .... 


9 


<>•61 

6*30 

10*50 

5*80 

5* 25 
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Table VI. 

Sepaya, IB (Triangular land), Co. 205, February 1980. 


Inches below the surface. 

0—6 

0—12 

12—18 

18—24 

24—30 

Water-soluble salts .... 

0 2310 

0114 

0*0970 

0-085 

0*009 

Fe.O,, Al a O„ PjO, .... 

Traces 

5*04 

6*71 

Traces 

Traoes 

CaO. 

4*96 

9*24 

1423 

19*42 

26*09 

MgO. 

2-00 

1-50 

0*75 


658 

Na,0. 

41*80 

37*54 

40*02 

40*36 

37-50 

KjO ....... 

5*40 

0 88 

125 

110 

2-04 

SO,. 

32 72 

31*45 

33*00 

2400 

26 40 

CO. 

13*03 

15*20 

12 90 

11*70 

14-70 


Table VII. 

Sepaya, Same land, Oo. 205, July 1930. 


Inches below the suriace. 

0—0 

6—12 

12—18 

18—24 

24—30 

Water-soluble salts 

. 

. 

. 

01300 

0-1622 

0*0938 

0*0814 

0*0892 

Fe,0„ AliO If P 4 0 # 


• 


10*63 

9 87 

17*80 

7.87 

588 

Cat) . 


• 


8*00 

4 24 

344 

2*00 

537 

MgO . 


• 


Traces 

Traoes 

Traces 

Traoes 

Traoes 

Na,0 . 


• 


38 08 

47*07 

29*15 

41 08 

37*77 

K,0 . 


• 


6-62 

1*23 

8*05 

246 

1*36 

SO, . 


• 


14*78 

26*10 

24 88 

14 39 

12*20 

Cl 


• 


3*46 

3*70 

4*77 

553 

4*14 

CO, . . . 


• 


22*10 

14*79 

2204 

1 

27*65 

23*29 


111-1-137 
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tablb vm. 

Sepaya, Triangular Plot, Co. 205, August 1930. 


Inches below the surface. 

0—6 



18—24 

24—30 

Nitrogen . . 

0 078 

0074 

... 



Water-soluble salts . 

0*1660 

O'17'iO 

0 0790 

0-0740 

0 0784 

FejOjf AljOj, PjOj .... 

3*36 

0-89 

504 

217 

614 

OaO. . 

8 64 

7*61 

17*13 

2170 

12 04 

MgO. 

Traces 

Traces 

Traces 

Traoes 

Traces 

Na,0 . . 

39 54 

37-74 

29-88 

30 24 

39 29 

K,0 .... 

0 72 

2*29 

2-64 

162 

0-96 

SO, . . ... 

2730 

23*80 

12 85 

810 

10 88 

Cl ... 

4-86 

1-68 

3*28 

4*99 

384 

CO,. 

14-40 

2344 

28 22 

3510 

28TG 


Table IX. 

Sepaya, Sample I (14, Co. 210, Healthy’), August 1930. 


Inches below the surface. 

0—6 

6—12 

12—18 

18-24 

24-30 

Nitrogen 



0062 

0 084 

... 

... 

• • 

Water-soluble salts 

• • • 


0*0920 

01420 

01880 

0*1500 

01400 

®e,0,» A1,0„ PjOj 

• • • 


2364 

952 

6 57 

844 

14*20 

OaO • 

• t • 


1709 

24-46 

25*52 

16-63 

6-36 

MfcO . 

• • • 


1-58 

2*03 

• • 

151 

1-42 

Na,0 . 

• • e 


28 34 

2814 

35*51 

46*13 

60-83 

K,0 . 

• • • 


5*77 

2 94 

2-22 

2*64 

273 

SO, . 


• 

1-85 

4-48 

15*37 

19*99 

1043 

01 

e • * 


3*27 

3*15 

1*59 

1*98 

1-06 

CO, . . 

. 

♦ 

19*50 

21-28 

15*90 

19*14 

30*12 
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Table IX— contd. 


Sepaya, Sample II (Co. 210 just beginning to be yellowed), August 1930. 


]nobet below the mi face. 

0—6 

n 

12—18 

18—24 

24—30 

Nitrogen 


. 

. 

• 

0 082 

0 080 

•. 

• • 

. • 

Water-soluble salts 



. 


0-0790 

01340 

0 1760 

01480 

0 0922 

AljOj, P^Oj 



• 


0*30 

2*22 

2*80 

737 

7*84 

CaO . 



. 


19*75 

30*36 

27*44 

18*31 

7*33 

MgO . 



. 


Traces 

Traces 

Traces 

Traces 

Traces 

Na,0 . 



. 

• 

18*64 

32*26 

33 78 

46 23 

41*42 

K,0 . 



• 

• 

6*67 

0 88 

533 

1*27 

2*40 

SO, . 



. 

• 

3*15 

2*22 

13 68 

22*78 

16 35 

Cl 



. 


20*79 

111 

256 

2*68 

327 

CO, . 


* 

• 

• 

31*50 

23 68 

14*25 

16*08 

2441 


Table X. 

Sepaya (Outside the Farm), Co. 213 healthy, August 1930. 


Inches below the surface. 

0—6 

6—12 

12- 18 

i 

00 

24-30 

Water-soluble salts 

. 


. 

0*0804 

0*0820 

0*0874 

0 0870 

0 0700 

Fe t O„ Al a Og, P|Oj 

. 

• • 


• • 

1*95 

• • 

368 

16 76 

CaO . 


• • 


4000 

18*54 

29*44 

1932 

26*22 

MgO . . . 

• 

• • 

0 

0 0 

••• 

•• 

... 

... 

Na*0 . 

. 


0 

28*00 

31*11 

31*39 

40 36 

28 00 

K,0 . 

. 


9 

650 

1*40 

0*87 

391 

3-53 

SO, . 

. 


• 

1*00 

2*07 

172 

3-68 

3-91 

ca 

• 

• • 

• 

1*87 

8*17 

4*25 

3-45 

216 

00| a « 

• 

• • 


3300 

33*18 

23*00 

25*76 

21*44 
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Table X — oontd. 

Sspaya, 1A, Co. 213, August 1930. 


Inches below the surfr ce. 


0—0 


0—12 


12—18 


18—24 









ELECTRICITY AND FARMING * 


BY 

C. MAYA DAS, M.A., B. Sc. (Edin.), I.A.S., 

Principal and Professor of Agriculture, Agricultural College, Caumpore. 

It is not the intention of this paper to discuss electricity in all its numerous 
aspects as a possible factor in the future of Indian farming. That would be too 
ambitious an undertaking. One aspect of electrical energy, namely, its use as a 
stimulator of plant life and soil activity was dealt with by Dr. Nehru in a paper 
read at the Indian Science Congress last year. The present paper deals with an 
entirely different, function of electrical energy. namely, the power which can be 
harnessed for use with machinery on the farm. 

The subject of rural electrification is receiving much attention in the world 
these days. Indeed the subject was discussed as recently as last June at the 
second Plenary World Power Conference at Berlin. The following two instances, 
one outside and one within the British Empire, indicate the importance of the 
subject in present day rural economics :— 

(1) In the United States of America, 7 per cent, of the farms are supplied 
with electrical energy for light or for power and 400,000 individual 
farm light-power plants are in operation. The remainder acquire 
their electrical energy either from small energy power plants or 
from the transmission lines of large electrical stations. 

^2) New Zealand with a population of one and a half millions is agricul¬ 
turally progressive largely because of the utilisation of electrical 
energy. Dairy farms which until recent years were equipped with 
oil-engines driving milking plants, etc., have now scrapped these 
engines through co-operation of farmers and Power Boards and have 
substituted electricity as the motive power. This power is now used 
for water pumping, sheep shearing, dairy and domestic purposes. 

Turning to India, there are in existence a number of hydro-electric schemes for 
rural electrification, but the progress compared with the countries mentioned above 
is slow. In the United Provinces the Ganges Canal Hydro-electric Scheme is nearly 
complete. It extends into seven districts containing 60 towns and large villages 


* Paper reed at the Indian Soience Congress, Agricultural Section, Nagpur, January 1931, 
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having a population of 5,000 and over. The’rates at which power will be available 
at an early date are 

(1) for domestic purposes 5 as. 6 pies per unit, 

(2) for minor industries 1 a. 6 pies per unit, 

(3) for agricultural purposes one anna per unit. 

So great is the demand for electrical energy in this area that a net revenue of 
Bs. 4*2 lakhs has been guaranteed, the outlay on the entire scheme being Bs. 106 
lakhs. 

The question arises as to what purposes apart from domestio use this energy 
will be put. The tract through which the mains and branch lines pass consists for 
the most part of zemindariB held by petty zemindars. There are also a largo 
number of rich landlords. It is too early yet to foretell the extent to which this 
electrical power will be utilized by tenants, but it is certain that the main use to 
which the zemindars will put the electrical power is the pumping of water 
to tap “ the great underground reservoirs which underlie the whole of the tract in 
question at a depth of from 20 to 30 ft.” When cheap power is available and it is 
not used for pumping water every day in the year, it is natural that the agricul¬ 
turist should think of harnessing it for other purposes. In the above tract 
consisting of the districts of Saharanpur, Muzaffarnagar, Meerut, Bulandshahr, 
Aligarh, Bijnor and Moradabad, the purposes for which the agriculturist is likely 
to utilize this available electrical energy are ono or more of the following 

Cane crushing, driving sugar centrifugals, fodder cutting, threshing, bone 
crushing, saw milling, flour milling, worksnop and dairy purposes and perhaps 
tackle ploughing. • 

This is quite apart from the main purpose to pump up water and domestic use. 

Very little experience is available to place before the agriculturist figures on 
the comparative economics of the different forms of available power such as oil¬ 
engines, steam-engines and electricity. Investigations of this nature' are being 
carried out on the Government Agricultural College Farm at Cawnpore with 
reference to water pumping, threshing and fodder cutting. Figures are at present 
available, however, regarding the latter two only. On this farm, where both 
intensive and extensive cultivation are practised, electrical power is available 
through an extension of the town supply at the rate of 2 as. 6 pies per unit for the 
first 900 units consumed each month and thereafter at half that rate. It will be 
observed that this rate for all practical purposes is two and a half times as high as 
that which is contemplated in the hydro-electric scheme referred to above. 
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The following statement gives the comparative cobt per matmd of clean wheat 
grain obtained by threshing on the above farm with a 22x38 McCormic Deering 
Rtoe Thresher 

Statement I. 


Comparative cost of threshing wheat. 



1929 

Outturn of 15*6 mds. of 
dean grain per hour 

1930 

Outturn of 8*6 mde. of clean 
grain per hour 

Power need — 



Petrol paraffin engine 16-30 H. P. . 

Cost of threshing por maund 

Cost of threshing per maund 


5’2 as. 

13 8 as 

Electricity 25 H. P. motor, 3 phase 

Cost of threshing per maund 

Cost of threshing per maund 

60 cycle. A. C. 400 volt 

3 7 as. 

0*8 as. 


It should be noted that in these experiments the 1929 results with the threshing 
machine were nearly twice as good as those obtained in 1930. The reason for this 
was that in the latter year the proportion of straw to grain was a good deal higher 
than usual, and the straw was inclined to be leathery, thus greatly impeding 
the progress of threshing in the concave of the machine. Further particulars of 
Statement I are given in Appendix I. The result indicates that electricity on the 
farm for threshing purposes is considerably cheaper than the petrol paraffin engine, 
eveu though the cost of electricity was 2 as. 6 pies per unit. The following 
statement gives the comparative cost of threshing by petrol paraffin engine against 
electricity taking the cost of current at one anna per unit. In this case with an 
outturn of 15 - 6 mds. per hour the cost by electricity is about half that by petrol 
paraffin engine. 

Statement II. 



1929 

1030 


Outturn 15*8 mds. 

Outturn 8*6 mda* 


per hour 

per hour 

Petrol paraffin engine. 

». 

5-2 as. per md. 

18'8 as. per md. 

Eleotrio motor. 

*•#«. » .. 

CO as. „ „ 


It is instructive 1 ' to note that in 1929 with the same crop of wheat threshed by 
the country method the cost per maund of grain obtained came to Re. 1-0-1J pies, 
or more than five times the cost by electrioity. 
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Taming to the ooet of chopping green fodder, a practice which is economical 
and advisable on every modem farm both for purposes of making silage and for 
feeding cattle, the following statement gives the comparative cost when the power 
used is (1) electricity, (2) an internal combustion petrol paraffin engine, (3) a hand 
worked fodder-chopping machine, and (4) the country method with a chopper. 

Statement III. 

Comparative coH of chopping green jear (Sorghum vulgare) fodder. 

Working at 8 hours a day. 

Cost per meund 


i' out. 

By electric motor at 1 anna per unit ..2*0 pies 

„ at 2*6 annas per unit .4*1 „ 

By a petrol paraffin engine . . 4*3 „ 

By hand power machine •. .. 5*7 „ 

By country method with a chopper.15*0 „ 

Full particulars are given in Appendix II. 


From the above statement the value of electricity at one anna per unit for 
purposes of chopping fodder is quite evident. The cost of this operation by a 
petrol paraffin engine is again nearly double that by electricity. On a large farm 
where many cattle have to be maintained and particularly on dairy farms, a fodder¬ 
chopping machine run by electricity adds greatlv to the efficiency of the farm and 
makes the consumption of bulky fodder by cattle economical. Where the making 
of silage is required, the advantage of producing chopped fodder at 2*9 pies per 
maund (about |th the cost of the indigenous method) is considerable. The 
work is done both quickly and cleanly. The outturn from the machine, which in 
this case is a small McCormick Deering F Type ensilage cutter, is, for a cut, 
about 76 maunds per hour. This quantity, i.e., one hour’s work, would be sufficient 
for the daily requirements of about 100 head of dairy cattle of all classes. 

The motor would thus be employed for chopping fodder for about an hour a 
day on a dairy farm with 00 head of cattle. It would then be available for the 
rest of the day for such work as feed grinding, pumping water, domestic purposes, 
saw millng, flour milling, workshop, sugar machinery and the like. 

Although the above observations cover a limited field for the utilization of 
eleotrical energy, they indicate possibilities which are well worth careful study by 
people interested in modern farming methods in such parts of the country as are 
likely to provide cheap eleotrical power for the use of the agriculturist. 
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APPENDIX I. 

Details of cost of threshing a maund of clean wheat. 

(&) By petrol paraffin engine {McCormic Veering 15-30 tractor), 1929 results with 


outturn of 15’0 mis. of grain per hour. 

Ub. a. p. 

Interest on capital (thresher) at 6 per cent.. 270 0 0 

Interest on engine (tractor) at 6 per cent. 270 0 0 

Depreciation on thresher at 10 per oent. .... 450 0 0 

Depreciation on tractor at 10 per oent. . .... 450 0 0 

Kepairs and renewals on thresher. 300 0 0 

Repairs and renewals on tractor *. 200 0 0 

Fuel 792 gallons of kerosine oil at As. 12-0 per gallon .... 627 0 0 

Petrol at 3 pints per day for 42 days’ actual running at As. 3 per unit . 23 10 0 

Lubricating oil 1*66 gallons per day of 10 hours at Rs. 103 per gallon . 71 12 9 

Grease 1*3 lb*, per day at 2 6 lbs. per rupee. 21 0 0 

Labour and staff. 315 0 0 

Miscellaneous. 30 0 0 

Totul cost for 60 days . 3,028 0 9 


Cost, per day *= Rs. 50-7*7 
and for 156 mds. = 5*2 annas per maund. 


(b) Bg electricity using the same thresher as above. 

Rs. A. P. 

Cost of running thresher including labour (taken from the above state¬ 


ment) . 22 12 0 

Daily consumption of 80 units of current per d ly at 2*5 annas a unit . 12 8 0 

Rent of motor. 126 

Total . 36 6 6 


.*. With outturn of 156 mds. per day the cost per maund of grain 

Af . J Us. 30-6-6 o 
threshed *= =^3*7 annas. 

Taking the outturn of 1930 experiments, namely, 8*6 mds. per hour, the above 
costs are increased as follows: - 

By petrol paraffin engine ...... 13*8 annas per md. 

By electricity at 2*5 annas per unit . . . . 6‘8 annas per md. 

The above worked out when electricity is selling at 1 anna per unit comes to- 

1929 results ......... 2*9 annas per md. 

1980 results.. 5*0 annas per md. 
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APPENDIX II. 

(a) Cost of chopping fodder with a MoComio Leering F Type ensilage cutter by 

kerosine oil engine and electricity . 

Siae of out f mob. 

Outturn of machine 600 mds. in a working day of 8 hours. 

Oo3t of machine Ks. 750. 

Cost of driving equipment Kg. 200. 

Kg. 960. 

(i) j Kerosine oil engine . 

Daily oost 

Kg. A. F. 


Depreciation, taking 500 working days as life of the machine, per day 
750 

of 8 hours =*.. 180 

500 

Interest at 6 per cent, per annum taking 100 working days in a year . 0 9 1 

Depreciation on driving equipment at 10 per cent of capital oost on 200 

working days in the year of which 100 are for this work . 0 17 

Labour, i.e., 4 feeders at 5 annas and part debit of mechanics* charges . 2 0 0 

Repairs at Its 100 per annum, taking 100 working days in a year . . 10 0 

Lubricating oil and sundries. 0 2 0 


5 4 8 

Engine oharges for an 8 B. H. P. oil engine for an 8 hour day at Re. 1 

per B. H. P. hour. 800 

Total oost per day . 13 4 8, 


# Rs. 13-4-8 

$ • • Cost per md. of fodder ohopped ■* -= 4*8 pies. 

600 

(ii) Electricity . 


General expenses on machine as above. 5 4 8 

Rent of electric motor 26 H. P.. 12 6 

Oost of 40 units oonsumed in 8 hours at 2*5 annas per unit • • * 6 4 0 


Total . 12 11 2 


# Rs. 12-11-2 

• • Oost per maund of fodder ohopped --- 4*1 pies. 

600 

Worked out at 1 anna per unit the oost per maund oomes to 2 9 pies. 
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(b) Cost of chopping fodder by hard worked emUage cutter (Richmond and Chandler). 

Pom of machine Rs. 100. 

Outturn per boor 6 mds. 

Shoot outs § inch. 

Cost per day 
K* a. f. 

Depredation on 500 working days as life of machine . 0 3 3 

Repaira and interest at Rs. 15 per year at 200 working days in a year . 0 10 

Thm labourers at 6 annas per day. 12 0 


Outturn in 8 boon day « 48 mda. 

Cost per md. of fbddfer chopped =* 0*7 pies. 


(o) Cost of chopping fooder by country method with a chopper 

(Experiment conducted on 8th September 1930. One man chopped 30 seers 
of fodder in one hour.) 

Cost per day 

Rs. a* p* 


One labourer on 6 annas per day. 0 6 0 

Depredation, interest and repairs of implement • . . • • 0 0 3 

0 0 3 


Outturn per day of 8 hours allowing for rest for labourer =5 mds. of } ineh cut. 
• • Cost per maund =15 pies. 
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ABSTRACTS. 

A New Bunt on Wheat in India*. M. Mitra. Annals of Applied Biology. 

(In the Press.) 

Specimens of diseased seeds of eight h^hiid cheats were collected at Kama!* Punjab. These 
wheats were from crosses between Federation and Pusa 4 and 52 respectively, and had been brod 
in the Botanical Seotion at Pusa and sent to Knrnnl for trial under Punjab conditions. Examina¬ 
tion snowed the presence of a epeoi '« of Ttf/ctia which appeared to differ from any Tilietta pre- 
viously described on wheat. This diagnosis w.ib confirmed at the Imperial Bureau of Mycology 
and the name Tilleii t indie t n. sp. has been proposed for the now fungus. Some of these hybrid 
wheats were grown in Pusa, hut so fa* no disease appeared under Pusa climatic conditions. A 
technical description of this hitherto undesciibed species is given, showing the paits in which it 
differs from the two known species of Tilletix previously recorded on wiieai. [M. M.J 

Studies in Indian Barleys. (1) Classification of Types isolated at Pusa 
Rakhal Das Bose. Ind. J. Agrio. Sci 9 1 , 58 . 

This paper describes the cultivation, use and hist< ry of barley in India, and deals in detail 
with the morphological and agaiculfural characters of the crop. The morphological characters 
which are of importance in the classification of types are eight in number. The degree of fertility, 
which depends upon the nature of the lateral spikelots, is of the first importance and is closely 
followed by the character of the hull and the nature of the terminal appendagos of the lemma. 
Colour of the spikelet and leaf-sheath, density, i. e , numbei of spikelets per unit length of raehis 
are all of importance in the classification of the c^op 

Agricultural characters aie characters which are of the first importance in the economic \alue 
of the ciop but possess less use as taxonomic criteria than the morphological characters described 
above. Among agricultural <haracters the nature of the ruot-systein, whether deep or superficial, 
is the most important, determining as it does the type of soil in which the crop can be successfully 
cultivated. Tillering capacity, time of nntuiity, bdging and bushel weight are all agricultural 
characters which must be considered in estimating the value of a type Nitrogen content is also 
of importance in the case of malting baileys, while in Bihar the capacity to resist ReJmintKos- 
porium disease is an important property. 

The author describes 24 types of barley among which 3 types Nos. 21, 20 and 12, have 
proved definitely superior in yielding power to the local types. These types have been the subject 
of yield trials and Type 21 is proved definitely superior to all others in Bihar and has also given 
good results at Shahjahanpar. [F. J. F S.] 

Studies in Indian Barleys. (2) The Root-System. Rakhal Das Bose and 
P. D. Dixit. Ind. J . Agric. Soi. 1, 90, 

This paper is a continuation of the studies in Indian barleys commenced by the senior author. 
The root-systems of 24 types of barley are studied and classified into 4 types—mesophytic, semi- 
mesophytic, semi-xerophytic and xerophytic. The authors show from the distribution of the 

* A later and fuller account of the disease will appear in a subsequent issue of the Tndiin 
Journal of Agricultural Science . 
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different types how these forms are correlated with the soil and climatic conditions of the localities 
in which they are cultivated. Thus the “ types placed in the serai-xerophytic and xorophytic groups 

of root-systems ..have all originated from seed brought from the drier parts of 

the country... M . A connection ako exists between a deep root-system and a long 

growing season and between a shallow rooting habit and early maturity. Shallow-rooted types 
are the best yielders at Pusa and deep-rooted types do not do well. This observation agrees with 
those made by other workers in crops suoh as linseed. [F. J. P. S.] 

Mechanically Harvested Cotton : Spinning Qualities. 0. D. Brandt. Text. 

World , 1930, 78, 980-981. 

The mechanical harvester which strips off everything on the stalk provides the most rapid 
method of picking cotton. A test conducted in order to determino lha effect of this method of 
harvesting on the spinning qnalities of the cotton is described. In gathering cotton from the field, 
every second row of cotton was harvested by machine, while the rows between were hand-picked. 
Any chance of getting a difference in staple in the two lots was thereby eliminated. The two lots 
were subjected to identical conditions during processing ; they were run through the same machines, 
at the same speeds, and with the same settings. Relative humidity was kept constant, and all 
other variables were eliminated. The results are given in giaphica) form. The total waste removed 
from the lot of machine-picked cotton amounted to 1*2 per cent, more than that removed from the 
hand-picked. It is evident, therefore, that the mechanical cleaning at present is not quite 
thorough enmgh. Even so, this small difference in cleanliness is said to be of little consequence. 
The final yarn produced did not Hhow any noticeable difference in either cleanliness ^r evenness. 
Weft and warp yarns spun fiom the machine-picked cotton gavo breaking strengths a little higher 
than those for the corresponding yarns spun from the hand-picked cotton [Extract from the 
British Cotton Industry Research Association , Summary of Current Literature , Yol. X, No. 20 , 
dated 1st November 1930.J 

Lancashire Cotton Corporation : Progress Report. Sir Kenneth Stewart. 

Times Trade and Engineering Supplt., 1930, 87, 41. 

An account is given of the progress of the Lancashire Cotton Corporation’s activities during 
the past eight months. Ninety-nine companies, controlling 0,250,000 spindles and 25,000 looms 
have joined the corporation and negotiations are in progress with 17 companies controlling 
1,750,000 spindles, of which at least half will probably go forward at an early date. Progress has 
been made in the purchase of Indian cotton, the building up of a waste organization for the purchase, 
distribution and sale of waste products, the establishment of a central testing department, the 
establishment of four central diieot selling organizations in Leicester, Nottingha n, Yorkshire and 
Holland, the erection of a central winding plant equipped for highspeed winding, the equipment 
of winding shed for an extensive experiment on automatic looms, and the institution of a training 
sohetne for future managers, salesmen, and administrative heads. Pour standard yarns have been 
marketed up to date, of which the cheapest m<*t witli a most encouraging response. The successful 
increase in the sale of standard produots has already enabled several mills to be restarted. The 
full programme for 1930 consists of the reconditioning of 19 mills. [Extract from the British 
Cotton Industry Research Association , Summary of Carre Literature, Vol. X, No. 20, dated 
1st November 1930.] 
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Cotton : Cultivation in Cnntral Asia. Leipz. Wochensthr. fto t .- Ini ., 

» 30 , 45 , 530 , 554 . 

A* extract k given from a Russian paper in which the present state of cotton cultivation «n 
Central Asia and proposals for its development are discuated. In 1922 , the area wader notion vm 
a)»ont ona4enth of the pre-war area* During the last fire years there has been an increase is the 
area on which cotton is grown and in the number of cultivators, bat very little change in the yield 
in spite of seed selection and the use of fertilizers. The lack of progress is traced to primitive 
methods of cultivation and labour, and transport difficulties. The Russian Government intends to 
develop cotton cultivation in Centre! Asia during the present five-year period. The area of cotton 
cultivation will be considerably increased partly by the replacement of grain and rice by cotton, 
and also by increasing the area of land under irrigation. Modern mechanical apparatus will be 
used and there will be a re-distribution of Jand and collective systems of cultivation. [Extract 
from the Journal of the Textile Institute, Yol. XXI, No. 10, October 1980.] 



NOTES 


INDIAN SECTION OF THE WORLD POULTRY CONGRESS, JULY 1930. 

We have reoeived for publication the following report by the Secretary to the 
Committee, Indian Section of the World Poultry Congress held in Great Britain in 
July 1930:— 

I have just returned from England and am writing to report to you the result 
of our effort to take part in the World Congress. I can assure you that India’s 
contribution added to the success of the Congress as a whole, and, in spite of lack 
of funds and the very serious difficulties that were encountered, we put up a 
national exhibit not less beautiful than other nations and very much better than 
many that I saw from other important countries. 

The thanks of oui Committee are due to the British Department of Overseas 
Trade deputed by the Empire Marketing Board to assist us. 

We Were allotted a generous free space in the most central part of the Crystal 
Palaoe. Most artistic and expensive representations of two Indian scenes (one 
portraying a nobleman’s court and the other a peasant’s mud house and durba of 
fowls) were staged at no cost to our Committee. Free lighting also was given ua 
and every courtesy shown. It was an inspiring privilege to join the immense body 
of delegates that assembled from all parts of the world, all speaking many langu¬ 
ages and yet all with one interest at heart, the promotion of good poultry through¬ 
out the world. 

Our Committee’s Indian bird exhibits were unfortunately destroyed by fire at 
sea—a most Bad loss—but I was able to borrow a few pairs from breeders in England 
and to make good. The Indian exhibits attracted much attention and His Royal 
Highness the Duke of York, to whom I was personally presented on behalf of the 
Committee, when he visited our Section, was more than disappointed not to see the 
jungle fowl. Unfortunately the Raja of Mursan did not send any jungle fowl, and 
his Anils were too out of condition and ill to do justice as an Ipdian exhibit. For 
the next Congress to be held in Rome in 1933, we should take early steps to collect 
really first class exhibits of India's indigenous fowls, pheasants and wild jungle 
fowl, as they are more attractive, to the scientist and the general public as well, 
than the usual modem fowl, though I think we should also send Indian-bred 
speoixnens of modem breeds to show what has been achieved in India. 

India was honoured at the Congress in every possible way, and lavish enter¬ 
tainments were given, by both the Government and leading notabilities of Great 
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Britain, to ub all. Thousands visited us and plied us with questions about Indian 
poultry. I received many enquiries wishing to purchase jungle fowl and pheasant® 
from India. 

In conclusion, I should like to thank Sir Harcourt Butler for acting as our 
President, and all our Committee for their kind contributions; in particular I should 
like to mention the very practical help and interest taken in the matter by our 
Vice-President, His Highness the Maharaja of Saiiana, and Piarey Kishen Sahib, 
the Dewan of that State. Our thanks are also due to Mr. Nur-ul-Islam for the 
birds he procured for us, to the LuoVnow Zoo for jungle fowls (these, alas, perished 
in the fire on board]the ship), and to Mr. Anand Lai Sah of Naini Tal, a student in 
England, wbo gave me unstinted help at great cost to himself. 

PRODUCTION OF SUGAR DIRECT FROM CANE DURING THE SEASON 

1929 - 30 . 

Twenty-seven factories making sugar direct from cane worked in India during 
the season 1929-30 as against twenty-four in the previous season. Eleven of these 
are situated in the province of Bihar and Orissa, thirteen in the United Provinces, 
one in Bombay, one in Madras, and one in Burma. During the season under report, 
a new factory at Pilibhit, United Provinces started working under the proprietor¬ 
ship of the firm owning the factory already working there. 

The production of sugar direct from cane by factori j s in India totalled 2,443,486 
maunds or 89,768 tins during the season 1929-30, as against 1,852.322 maunds or 
68,050 tons during the season 1928-29. There was thus an increase of 591,164 
maunds or 21,718 tons in the output of sugar during the campaign of 1929-30 as 
against 1928-29. . 

The table below shows the quantity of cane crushed and sugar made by the 
factories in ^1) Bihar and Orissa, (2) United Provinces, and (3) Bombay, Madras 
and Burma. 


Total for Bihar and Orissa. 


’ 

1928-20 

1929-30 


Maunds 

Maunds 

Cane orushed. 

10,041,194 

11,294,684 

Sugar made. 

806,037 

J 1,006,797 

Molasses obtained . 

377,822 

394,780 

Reooreiy per cent. «... 

8*01 

8*90 
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Total for the United Provinces. 



1928-29 

1929-30 

Cane crushed 

Sugar made 

Molasses obtained 

Recovery per cent. 


Maunda 

9,920,660 

830,491 

425,397 

8-37 

Maunda 

12,982,302 

1,167,992 

466,008 

900 

* Total for Bombay , Madras and Burma. 



1928-29 

I 

1929-30 

Cane crushed 

Sugar made • • 

Molasses obtained 

lfceoo very per cent. 

• • • « • • • • j 

• •• ••••# 

I 

• . • • • • • • | 

! 

Maunda 

' 

1,679,004 

156,794 

68,957 

9-93 

Maunda 

2,664,723 

269,697 

102,149 

1012 


Grand Total. 



1928-29 

1929-30 


j Maunda 

Maunda 

Cane crushed.. 

j 

21,640,858 

26,941,709 

Sugar made. 

1,852,322 

2,443,486 

Molasses obtained. 

862,176 

963,387 

Recovery per cent.. 

8*59 

9-07 


•Figures for 1928-29 exclude Burma. 


It will be noticed from the above table that, in the year 1929-30, the supplies 
oi oane available for crushing were considerably larger in all the provinces than in 
1928-29. 


The average percentage recovery of sugar in India also shows an improvement, 
having risen from 8*59 in 1928-29 to 9*07 in 1929-30. The highest recovery is 
III-1-157 v 
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shown by a factory working thick cane, its average for the whole season being 
10*8 per cent. 

During the season 1929-30 India’s production of molasses by modern factories 
making sugar direct from cane totalled 963,387 maunds as against 862,176 
maunds in 1928-29, or an increase of 101,211 maunds over the previous season. 

If we take a review of the last five seasons’ average percentage recovery of sugar 
from cane as given in the table below, we find the factory side of the industry 
showing a satisfactory improvement. 


Names of the Provinces 

1925 26 
Reco\eiy 
per cent. 

1926-27 | 

Recovery 
per cent. 

1927-28 
Recovery 
per cent. 

1928-29 
Recovery 
per cent. 

1929-30 
Recovery 
per cent. 

1 

Bihar and Orissa . 

7*98 

8-67 

8-80 

8'61 

! ' 8*90 

United Provinces . 

7'88 

7*93 

8*07 

8*37 

, 9*00 

Bombay, Madras and Burma . 

8*98 

10-26 

1009 

9*93 

10-12 

Total for India . 

8*07 

8'49 

8*62 

8*59 

I 907 


Statistics regarding the production of refined sugar by refineries in India will 
be collected, collated and published in due course. 

I take this opportuity of expressing my thanks to the Proprietors and the 
Managing Agents for supplying the statistics worked up in this note. [Wynne 
Saykb.] 

CO. 281 CANE RELEASED FOR PUBLIC USE IN LOUISIANA. 

It is learnt that the Coimbatore seedling Co. 281 is one of the two varieties 
recently released for public use in Louisiana. As this cane is under test in certain 
of the Experiment Stations in India, the following comments (Fatts about Sugar 
25, 801) on this cane are likely to be of some interest. 

Co. 281 has given best results in the river and bayou districts, and is chiefly 
valuable because of its high sucrose content, straight growth, and superior yields 
of sugar per acre. It takes mosaic, but is apparently as tolerant as the P. 0. J. 
varieties commonly grown. It withstands early cutting much better than P. O. J. 
234, and this advantage, combined with nearly equal earliness and superior yields, 
constitute an important advance in the development of an indispensable early 
milling variety. However, owing to its brittleness and injury by storms, it should 
never occupy a large proportion of the plantings ”, [T. S. Venkatraman.] 





POULTRY FARMING CLASSES. 


We have received for publication the following prospectus for the Poultry 
Fanning Glasses to be held at the United Provinces Poultry Association’s Farm 
Lucknow, commencing on the 1st November each year. 

Conditions. 

1. Preference will be given to students who are residents of the United Provinces ; 

non-U. P. students will be charged 60 per cent, enhanced fees above the 
rates quoted below. 

2. All students should submit a recommendation from some responsible official or 

a letter from their Local District Board. 

3. All fees must be prepaid at the following rates :— 


I!*. 

6-weeks’ course ......... 26 

3-month ..SO 

6.1 ff ......... 100 

1-year „ ......... 200 


4. In order to reserve a seat, of which there are 10 only, the candidate must apply 

in writing to the Secretary as early as possible on the form supplied by the 
Association and pay a deposit of Rs. 10. Only on these conditions will the 
student be guaranteed a seat. 

5. Students taking the courses must agree to attend the farm at appointed times 

each day, special holidays excepted, and to carry out such practical work 
as may be desirable. Also attendance at lectures is compulsory. 

6. At the conclusion of each course there will be a final examination ; students 

obtaining not less than 60 per cent, marks will be considered as passed and 
receive a certificate from us. Students gaining 75 per cent, and over will 
pass with honoms. Students taking a six months’ course or longer will 
receive our diploma, should they satisfy the examiner in both theoretical 
and practical work. 

Posts for qualified men cannot be guaranteed, but the Association will endea¬ 
vour to assist such students as are fully qualified. 

7. A hostel near the farm is provided at a fee of Rs. 6 per month per student. 

Students can make their own arrangements for board and lodging. 
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8. No charges beyond that of the premium will be made, except in the case of 

wilful damage, or through neglect or wilful disobedience of orders. 

9. A student may be removed at any time during the period of training should he 

be found unsuitable in any way, and the refunding of his fees will be at 
the discretion of the Secretary. 

10. The selection, and the limitation of numbers, of students rests with the Secretary. 
Courses in Poultry Husbandry. 

First Course. —Consists of an elementary training in poultry farming for six 
weeks only, during which time the following subjects are taught:— 

(a) Natural and artificial hatching of eggs. 

(b) Natural and artificial rearing of chickens. 

(c) Practical management of poultry. 

Course commences 1st November and closes on 15th December. Fee 
Rs. 25. 

Second Course. —Includes the above and, in addition, feeding, housing and 
treatment of disease is taught. 

Opens 1st November and closes 31st January. Fee Rs. 50. 

Third Course. —Includes breeding and mating of stock, preservation of eggs, 
fattening of fowlB for table. How to keep poultry accounts and manaee 
a farm. 

Opens on 1st November and ends 30th April. Fee Rs. 100. 

Fourth Course. —Includes an entire year's work on the farm through everv 
season with thorough practical experience. • 

Opens 1st Novendber and lasts throughout the year. Fee Rs. 200. 

The knowledge of English is a very necessary asset to a student wishing to 
take the advanced course, but in order to meet the practical needs of U. P. men 
wishing to take only the elementary courses, all such tuition will be given in both 
English and the Vernacular. 

Short elementary courses for U. P. men only will be arranged for whenever 
required during the winter season. 

Noth .—Massing o&n be arranged at Ks. 20 per student per month, provided there are four or more 
to join together 



Personal Notes, Appointments and Transfers, 
Meetings and Conferences, etc. 

Dr. JB. A. Kern, D.So., F.Inst.P., has been appointed Director of the 
Imperial Institute of Agricultural Research, Pusa, with effect from the 6th Novem¬ 
ber, mo. 


Dr. W. H. Harrison, D.Sc., I.A.S., on being relieved of the duties of Officia¬ 
ting Director of the Imperial Institute of Agricultural Research, Pusa, has been 
appointed Joint Director of the Institute, in addition to his duties as Imperial 
Agricultural Chemist, with effect from the 6th November, 193l). 


Mr. M. Afaal Husain, M.Sc. (Pb.), M.A. (Cantab.), I.A.S., Government 
Entomologist, Punjab, has been appointed temporary Locust Research Entomolo¬ 
gist, Imperial Council of Agricultural Research, Lyallpur, with effect from the 5th 
December, 1930. 


Rao Sahib Y. Ramachandra Rao, M.A., F.E.S., Government Entomologist, 
Madras, has been appointed temporary Deputy Locust Research Entomologist, 
Imperial Council of Agricultural Research, Quetta, with ellect from the 20th 
December, 1930. 


Dr. M. Sharif, D.So., has been appointed temporary Assistant Locust Ento¬ 
mologist, Imperial Council of Agricultural Research, Quetta. 


Mr. S. M. A. Shah, B.Sc., M.R.C.V.S., Superintendent, Civil V eterinary Depart¬ 
ment, North-West Frontier Province, has been appointed a member of the Advisory 
Board of the Imperial Council of Agricultural Research. 
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Mb. J. Tjnkeb, of the Cawnpore Cotton Mills Company, has Been nominated 
by the Upper India Chamber of Commerce to be a member of the Indian Central 
Cotton Committee, Bombay, vice Mr. H. A. Wilkinson resigned. 


Madras 

Mr. P. T. Saunders, O.B.E., M.R.C.V.S., I.V.S., has been appointed Director 
of Veterinary Services, Madras, in the vacancy caused by the appointment of Mr. 
F. Ware as Director, Imperial Institute of Veterinary Research, Muktesar. 


Mr. T. J. Hurley, M.R.O.V.S., D.V.S.M., I.V.S., has been appointed Prin¬ 
cipal of the Madras Veterinary College, vice Mr. P. T. Saunders appointed Direc¬ 
tor of Veterinary Services, Madras. 


The services of Rao Sauib Y. Ramaohandra Rao, M.A., F.E.S., Government 
Entomologist, Madras, has been placed at the disposal of the Imperial Council of 
Agricultural Research for appointment as Deputy Locust Entomologist. 


Mr. T. V. Ramakris ina Iyer, B.A. (Mad.), Ph.D. (Stanford). F.E.S., 
F.Z.S., Lecturer in Entomology, has been appointed Officiating Government Ento¬ 
mologist, Madras, vwe Rao Sahib Y. Ramaohandra Rao appointed Deputy LocuBt 
Entomologist, Imperial Council of Agricultural Research. 


Mr. T. Murari, B.Sc., Dip. Rural Economics (Oxon.), Dip. Ag., F.L.S., 
Superintendent, Live-stock Research Station, Hosur, has been placed in charge 
of Hie duties of the Deputy Director of Agriculture, Live-stock, Madras, vice Mr. R. 
W. Littlewood granted leave. 

Bengal 

Mb. M. Carbery, M.A., B.Sc., M.C., I.A.S., resumed oharge of his duties as 
Agricultural Chemist to the Government of Bengal on the 28th October, 1930, on 
the expiry of his leave. 



PERSONAL NOTES, APPOINTMENTS, TRANSFERS, ETC. 22$ 

United Provinces 

Major W. H. Priston, F.R.C.V.S., I.V.S., Superintendent. Civil Veterinary 
Department, United Provinces, has been granted leave out oE India on average pay 
lor seven months and nine days, with effect from the date on which he was relieved 
of his duties in the Central Provinces. 


Rai Bahadur S. C. Banerji, F.C.S., Officiating Assistant Agricultural Chemist 
to Government, United Provinces, has been granted leave on average pay for four 
months with effect from Deoember 1st, 1930. 


Punjab 

Mr. J. S. Garewal, M.R.C.V.S., I.V.S., has resumed charge of his appoint¬ 
ment as Live-stock Officer and Assistant to the Director, Veterinary Servioes, 
Punjab (for Breeding), Lahore, on the 28th November, 1930, relieving Mr. P. N. 
Nan da, M.R.C.V.S.. who reverted to his substantive appointment as Assistant 
Superintendent (Stock) at the Government Cattle Farm,Hissar, from the same date. 


Mr. S. M. Sarwar, M.R.C.V.S., on being relieved by Mr. Nanda, has been 
posted as Officer under training at the Government Cattle Farm. Hissar. 


Burma 

On return from leave, Captain J. B. Idle, M.R.C.V.S., I.V.S., has been posted 
as Deputy Direotor of Veterinary Services, South Western Circle, * Burma, with 
head-quarters at Bassein, in place of Mr. S. R. Rippon, I.V.S., who remains in 
charge of the South Eastern Circle. 


On completion of his training, Mr. J. Bhattaoharjee, M.R.C.V.S., Officiating 
Deputy Director of Veterinary Services, Burma, has been posted to the oharge of 
the Central Circle, with head-quarters at Meiktila, in place of U Nyan Gyaw, 
G.B.V.C. Veterinary Superintendent, who reverts to his substantive appointment. 
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Bihar and Orissa 

Mb. Subrata Kumab Sen, B.Sc., M.R.C.V.S., has been appointed an addi¬ 
tional Special Officer in the Civil Veterinary Department, Bihar and Orissa, for a 
period not exceeding one year with effect from the 28th November, 1930, and 
attached to the office of Director, Civil Veterinary Department. 


Central Provinces 

Major R. F. Stirling, F.R.C.V.S.. F.R G.S., D.V.S.M., F.Z.S., I.V.8., who 
has been permitted to return to duty before the expiry of leave granted to him, 
has been re-posted as Officiating Director of Veterinary Services, Central Provinces. 



NEW BOOKS 


On Agriculture and Allied Subjects 

1. Practical Plant Biochemistry, by Muriel Wheldale Onslow. Third edition, pp. 

vn +■ 206. (Cambridge University Press.) Price, 12s. 6d. net. 

2. The Green Leaf: The Major Activities of Plants in Sunlight, by D. T. Mac 

Dougal. Pp. 142. (London : Appleton & Co.) Price, 6s. 

3. The Future of Farming, by 0. S. Orwin. Pp. 150. (Oxford : Clarendon Press.) 

Price, 5s. net. 

4. Moulds, Yeasts and Actinomycetes : a Handbook for Students of Bacteriology. 

by Arthur T. Henrici. Pp. x+296. (New York : John Wiley & Sons, 
Inc.; London : Chapman & Hall, Ltd.) Price, 17s. 6 d. net. 

5. Year-Book of Agricultural Co-operation, 1930, edited by the Horace Plunkett 

Foundation. Pp. vi-f576. (London: George Routledge & Sons, Ltd.) 
Price, 10s. 6 d. net. 

6. Genetics and Eugenics: A Text-book for StudentB of Biology and a Reference 

Book for Animal and Plant Breeders, by W. E. Castle. Fourth revised 
edition. Pp. 474. (Harvard University Press.) Price, 12s. 6 d. 

7. International Directory of Pedigree Stock Breeders, Vol. Ill, 1930-1931. Pp. 

1100. (London : The Vernon Press, Ltd.) Price, :’0s. net. 

8. Animal Breeding, by Laurence M. Winters. Pp. x+389. Ulus. Seeoud 

edition. (New York: John Wiley & Sons, Inc. ; London : Chapman & 
Hall, Ltd.) Price, 18s. 6 d. net. 

The following publications have been issued by the Imperial Department of 
Agriculture since our last issue :— 

ft 

Memoir. 

Cotton Growing in India in relation to Climate, by Trevor Trought, M.A., and 
Mohammad Afzal, B.Sc. (Agri.), A.I.C.T.A. (Botanical Series Vol. XVII 
No. 5.) Price, As. 12 or Is. 3d. 

Catalogue of Indian Insects. 

Carabidae, by H. E. Andrewes. (Part 18.) Price, Rs. 8 as. 10, or 14s. 6 d. 
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ORIGINAL ARTICLES 

INEFFICIENCY OF CATTLE IN INDIA THBOUGII DISEASE. 

BY 

Lt.-Col. J. MATSON, O.B.E., LA. 

It is a commonplace of the “ cattle question ” that vast numbers of Indian 
oattle are so hopelessly inefficient as to have no commercial value beyond that of 
their hides. 

The fact is commonly ascribed to overpopulation and thatjis the fchief cause, 
but recent observations suggest that it is by no means the whole story; that in fact, 
if there were no disease, a substantial proportion of the useless emaciated specimens 
one sees would be marketable cattle. 

I write this while in camp in the heart of the Central Provinces jungles. The 
local village cattle go to graze in the forests two hours after sun up and return one 
hour before sun down, it is cold weather—a hard frost every night—yet the major¬ 
ity are in very good condition; in fact, I have never Been a village herd in better 
condition; Nevertheless the well conditioned animals are a majority only—some 
30 per cent, are less good. These include the old, naturally, but of the 30 per cent. 
20 are young animals which vary in condition between “ rather poor ” and emacia¬ 
tion. The explanation of the 20 per cent, lies, I suggest, in the prevalence of 
various blood parasitical diseases. To these diseases the cattle acquire a sufficient 
tolerance, in youth, to prevent an active manifestation later but insufficient to 
permit of vigorous good health when the re-infection which goes on all the time 
becomes massive in a particular individual. One can of course dismiss such cases 
by saying “ Oh! yes. Bad doers. All cattle produce a proportion of bad doers/' 
But a “ bad doer ” is such through some specific cause, and in the case of Indian 
cattle, whose metabolic efficiency is very high, I doubt if such unthrifty specimens 
as I describe lack any of the hereditary qualities of their fellows. I think they 
oocur simply through the chances of greater or less infection. 

On the Military Dairy Farms we have adopted the practice of taking blood 
slides from cattle which lose condition and have found in the great majority either 
Babesia bigeminum or Theileria mutans , and surra in a few. In the case of 
B . bigeminum , injection of Trypan Blue has produced astonishingly rapid recovery 
to good condition. One cannot assert that a specific for the other cases exists as 
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yet but even if certain cures can be found, prevention is greatly to be preferred. Fot 
that purpose regular dipping appears to be the best thing. It has been tried on 
two military farms with highly satisfactory results. On the Belgaum farm, for 
instance, ticks are thick everywhere, on the standing grass, in the hay stacks and 
in every crevice of the buildings, and my predecessors had been compelled to give 
up keeping cross-bred European cattle there. But since putting in a dip wo 
have been able to rear this class of stock in perfect condition. 

The prominent cattle diseases of India may be divided into two groups. Those 
that kill but do not maim and those which rarely kill but injure more or less 
permanently. 

Rinderpest is typical of the first group. I think it is not inaccurate to say 
that a preponderating part of the time, money and effort, available for control 
and prevention of disease in live-stock, has been devoted to it, and obviously it is 
very necessary to keep rinderpest within bounds and to make it at least possible 
for the owner of valuable stock to protect them ; nevertheless I seriously doubt if 
rinderpest is the worst enemy of cattle-owners in the mass. It kills a largo pio- 
portion of the animals attacked but an animal that recovers is as efficient as before. 
An epidemic may ruin an individual farmer, but that it does great harm to the 
community, when the stock is in excess of what the food supply can support, is 
open to doubt. 

On the other hand, the group of diseases which takes in the piroplasms and 
trypanosomes —granted infection in early life, which is usual- causes little mortality 
but leaves great numbers injured. A disease which continuously attacks 10 to 20 
per cent, of a herd and, while reducing their efficiency to zero, leaves them alive 
to continue to eat a share of the available food is probably a wotsc thing than 
one which by periodical destruction of 10 to 20 per cent, on the average‘of years 
destroys only 3 to 5 per cent. 

[The above note, furnished by Lt.-Colonel Matson, being the considered opinion 
of one who has made a close study of large numbers of Indian cattle, maintained 
under strictly controlled conditions and carefully recorded observation, is of excep¬ 
tional authority. It dtaws attention to an aspect of the cattle problem of India 
which is apt to be overlooked because of its insidious nature, viz., the degeneracy 
caused by blood diseases and parasitic infestations which, though they do not 
usually cause heavy mortality, are responsible for the existence of large numberB 
of cattle which are quite unprofitable to maintain and unfit to breed from, and 
therefore a source of heavy loss to the agricultural community. (A. 0.)] 



THE COCCI DAE OF J’lIE PRICKLY-PEAR IN SOUTH INDIA 
AND THEIR ECONOMIC IMPORTANCE* 


BY 

T. V. RAMAKRISHNA AYYAR, B.A., Ph. D., F.Z.S., 

Offg. Government Entomologist, Madras. 

It is common knowledge that in South India, except in a few tracts like the West 
Coast, the prickly-pear (Opunfia) enjoys a very wide distribution all over the plains. 
In districts like Tinncvelly, Madura, Trichinopoly and Coimbatore it is found 
growing luxuriantly, covering acres and acres of arable and pasture lands and levy¬ 
ing a substantial toll on the farmer every year to keep it within certain bounds. 
The problem of the disposal of this plant, either by utilisation or by destruction, has 
been engaging the attention of the public and the authorities for the past many 
decades One of the control measures tried in this connection has been the use of 
the natural enemies of this plant. Among these latter, the most important are 
insects belonging to the family Coccidae which includes scale-insects and mealy-bugs. 
For over ten years in the past the writer has been paying some attention to the 
system itics and bionomics of South Indian Coccidae and during the course of such 
investigations he has had chances of observing and studying insects on the 
different species of Cactacese found growing in the country. In view of the fact that 
a new prickly-pear (Joccid lias gained entry into the country, it is thought that a 
paper on the subject may not be inopportune. In this paper an attempt is made 
to record the results of the writer’s dtudies of the Coccidae of the prickly-pear and 
their economic importance, and at the same time to review briefly the previous 
attempts in the control of prickly-pear by insoct agency. 

Kinds of prickly-pear in South India. 

Before coming to the entomology of the prickly-pear plant it will* be advantage¬ 
ous and even necessary in some cases to have some idea of the different kinds of 
prickly-pear (Opunlia) found growing in South India. As is well known, this plant 
is an exotic form being a native of the tropical and sub-tropical regions of the New 
World. Previous records on the subject show that different species of Op ntia were 
introduced into the country somewhere about the middle of or early in the second 
half of the eighteenth century, at any rate, earlier than 1787 during which year 
Dr. J. Anderson, the Physician-General of the East India Company, was running a 

* Paper read at the Agriculture -Section of the Indian Science Congress, Nagpur, January I ft! 1 . 
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prickly-pear farm in Madras; it appears this officer had also distributed different 
kinds of prickly-pear for propagation in different parts of the province by that time. 
As such, it has practically become a naturalized plant, having been in the country 
for well nigh one hundred and fifty years. The species of Opuntia now found in 
South India are :— 

(t) Opuntia monaeantha, Haw. (Plate XIV, fig. 1.) Found here and there 
in the Northern Cirears; observed also around Madras and near about 
Coimbatore, but it has become very rare. The chief distinguishing 
feature of this species is the possession of single straight spines, which 
are dark at the apex, on the elongate oval bright green joints; the 
petals of its flowers have also a reddish tinge outside. It is found to 
prefer moister and shaded conditions. As will be noted below, this 
species has played an important part in connection with the early ex¬ 
periments in raising the Cochineal dye and the natural control of 
prickly-pear by insect agency. 

[h) Opuntia Dillenii, Haw. (Plate XIII.) Found in some places from Ganjam 
to Madras and almost everywhere in the central and southern 
districts ; is not found along the West Coast tracts of Malabar, South 
Kanara and Travancore. This is the commonest prickly-pear found 
in South India. It is easily recognised by its greyish green joints, 
yellow flowers, purple fruits, and straw-coloured curved thorns; 
unlike as in monaeantha the spines are found in groups of short and 
longer ones and the petals oi the flower are yellow outside. 

(lii) Opuntia nigricans (0. elatior, Mill). Found in the Northern Cirears along 
the coast and in parts of Bellary. This appears to be the commonest 
form in the Southern Maharatha Country and in Northern Bombay. 
In general characters this species is very close to 0. Dillenii, but has 
rose pink flowers. 

However sincere and praiseworthy the wisdom and the motives which prompted 
the early introduction of these species of prickly-pear into the country, the j&sults, 
as is evident from the present state of affairs, are unfortunately deplorable in-that 
the plant has become a terrible pest in its new home. This is on a pjjr witlF the 
unwise introduction of the rabbit into Australia and the mongoose into the West 
Indies! 1 

Insects on priokly-peab. 

In their original homes in the New World the different species of Opuntia are 
found attacked by numerous insects such as beetles, caterpillars, flies, bugs, etc., etc., 
but in South India, as far as the writer is aware, these plants are sub^bt to the 



PLATE XIII 



The Newly Introduced Wild Cochineal (Dactyloptus tomentosus , L ). 

I. Opuntia Ddlenu infested by D tomentosus 2, Young and growing larvae settling on fresh pear (✓ 48) 3, Larva 
( X48) 4, Adult male ( x48) 5, Adult female with a cottony cover moved aside ( X about 5) 6, Cluster of 
male pupana with males emerging ( X about 3), one enlarged ( X about 5). 





PLATE XIV. 




Fig 2 Dtaspis echmocacit, BoucKl 

(1) Scales on prickl} pear (O Dillemt) , (2) Male and female pupana, magnified. 
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attentions of very few insect enemies, and this is evidently one of the reasons why 
this exotic plant, free from the attacks of many of the enemieB it has to contend 
against in its native home, has thriven so well in its adopted land and has become 
a formidable pest of first class importance t With the exception of the common 
orange-banded blister beetle ( Zonabris pustulata) which is often found feeding on 
the flowers of prickly-pear and which is not in any way partial to Op Mia, 
the only important insects so far found on prickly-pear are three species of scale-in¬ 
sects (Coccidae). It has been found by experience that all these Coccids are exclu¬ 
sively cactus-feeding forms and have not been found till now to breed on any other 
food plant; this, of course, means that they have entered the country with the host 
plant and are also exotic forms. The three species of Coccidae are :— 

The white scale of prickly-pear— Diaspis echinocacli, B. This belongs to the 
group of hard or armoured scales. The female scale is oval (Plate XIV, fig. 2) or 
circular and slightly convex; in colour it is pale white, sometimes with a tinge of 
yellow; the exuviae centra] or subcentral and of a brown color; measures 1 to 1-5 
m.m. across. The male scale is narrowly elongate and feebly carinate, if at all; 
colour white, measures 15 m.m. in length and 0 5 m.m. in width. The adult male is 
a delicate two-winged form with orange brown body and creamy white wings. This 
insect is fairly common in almost all the regions in the tropics—wherever prickly- 
pear has found its way. In India it was noted for the first time on Opunlia in 1896 
by Sir George Watt [1899] in South India. It was later noted in Poona by 
Lefroy [1908] and Kasergode [1914]. Ever since 1916 the writer has noted it on prick¬ 
ly-pear in Coimbatore and the adjacent districts ; he has also recorded the same in 
a paper on “ South Indian Coccidae of Economic Importance ” read at the session 
of the Indian Science Congress at Lahore in 1918 [Ramakrishna Ayyar, 1919, 1] 
and also in his Bulletin on South Indian Coccidae published the following year 
[Ramakrishna Ayyar, 1919, 2]. Recently he has collected it on the cactus Cereus in 
South Arcot [Ramakrishna Ayyar, 1930, 1]. 

Though the host plant is often found extensively covered with colonies of this 
insect, it is rarely found to sufier seriously or get destroyed. A minute chalcid par¬ 
asite has been noted by the writer to attack this scale and it is not unlikely, 
therefore, that some natural enemies like this parasite exert some influence in 
ohecking its effective multiplication. 

The two other Coccids are unarmed scales belonging to the group of mealy¬ 
bugs, and are species of what are popularly known as “ Cochineal ” insects; both 
belong to the genus Daotylopius. Unlike as in the previous scale, these insects are 
covered not by a hard shield but by a profuse secretion of white cottony or mealy 
matter, and this latter has to be removed to make the adult female inaeot visible 
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(Plat© XIII, fig. 5). The adult malo (PL XIII, fig. 4) is a two-winged active creature 
with the body red and the wings cream white ; it has two long slender waxy processes 
at the hind end. These insects give out a brilliant deep red or crimson dye, called 
the “ Cochineal dye In the main general characters both the species are alike, 
the differences found being only in some minute details. To the naked eye the 
two forms appear similar, it being difficult to differentiate them except by microscopic 
examination of the structural features of the adult female. The following brief 
descriptions are prepared from specimens in the possession of the writer; and they 
have been compared and checked with the descriptions of these species by Green 
[1012, 1022], and Newstcad [1002J. The minute details are omitted here. The 
two species arc:— 

(a) Daclylopius indices, Green. Female insect — General form oval or moro or 
less globular in outline—2 to 4 in.m. across in measurement; general colour when 
tins mealy covering is removed de brownish red. After epto treatment in potash and 
mounting as a microscopic preparation the following features are made out 

The body is fringed with characteristic truncate spines (Plate XV, 11); in 
prepared specimens these are found arranged in broad segmented bands—especially 
at the abdominal region. In addition there are numerous circular pores on the derm 
occurring singly or in elusiers oi three or four—rarely of more than six. Antenna 
has usually seven joints - in the specimens with the writer only six are clearly made 
out, which is evidently due to the fusion of the third and fourth joints. All the 
joints except the distal are broader than long and the distal is as broad as long; 
there are stout bristles on the distal and one on each of the two penultimate 
joints also. Legs moderately stout, tarsus longer than the tibia, and with a sharp 
claw and four clubbed digitules. The male puparium is snow white,' elongate 
cylindrical and found in clusters on the host plant. T i.e adult male is of the usual 
type with the two long white caudal filaments, the minute eyes, the ten-jointed 
antennae and the two snowy wings. 

This (Vaotylopius indicm, Green) insect was the first Cochineal insect that was 
introduced into India, and the history of the introduction and the career of this 
insect are very interesting. Various early records show that a consignment of this 
species was first introduced into India in the year 1795 by one Capt. Neilson; 
he brought it to Calcutta and handed it over to l)r. Roxburgh of the Botanical 
Cardens, where the propagation of the insect was started on prickly-pear. A 
portion of this material appears to have been forwarded to Madras where 
Dr. Anderson staited the cultivation of the insect in his prickly-pear farm. Further 
introductions of the same insect appear to have been made at different periods 
subsequently. It has to be noted here that those responsible for these introduo- 
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lions evidently mistook this insect for the genuine Cochineal ( Dactylopius caeli), 
though it was found out later that it was only a wild form of the genuine Cochineal, 
and from a commercial point of view very inferior to the true Cochineal in every 
respect. Though for a few years the industry with this wild Cochineal thrived, 
it gradually lost its importance and the work was given up. The insect all the 
same continued to gain ground and gradually began to seriously tell upon its host 
plant in different parts of India, and by the middle of the last century it was found 
that this insect had done remarkable work in killing prickly-pear, as may be seen 
from the writings of Buchanan [1807], Ainslie [1813] and Wilks [1817]. But in parts 
of the Madras Presidency, especially in the Central and Southern districts, the 
prickly-pear still continued to be a formidable pest during the succeeding decades. 
The Madras Government desirous of checking its disastrous spread suggested the 
trial of this wild Cochineal in the Trichinopoly District, but this proved a failure. 
Again, at the instance of the Board of Kevenue, Dr. Bourne and Mr. Thurston 
made some trials on the local prickly-pear with this insect, which had meanwhile 
become rare and which had to be got down from some corner of Ganjam. These 
trials also produced negative results. It is very important to note at this stage 
that these experiments tiied from 1872 on to 1898 were all unfortunately vitiated 
by a fundamental error, viz., the lack of sufficient biological knowledge regarding the 
food habits of the Cochineal insect tried and the different species of prickly-pear 
treated! The most important point grievously overlooked was the fact that 
I), indicus, the Cochineal insect tried with, fed only on one species of Opuntia, viz .,j 
0. monacantha, and did not thrive on the other species 0. Dillenii, and it was on the 
latter species that all the trials were made, with, of course, negative results. The 
unfortunate thing that happened was that the authorities did not know that all the 
good work of checking prickly-pear done in the past years by this insect was in 
connection with only one kind of prickly-pear, the monacantha species, and not with 
the co mm onest species of S. India— Dillenii. This is one of the best examples to 
show how important it is to possess definite ideas of the biology of the different 
animals and plants, before any such measures in biological control are thought of, 
since the habits of even very closely allied species often differ markedly. It was 
loft to Burkill [1911] to point out this mistake later in 1911. He says referring to 
other species than monacantha “ that his work will prevent any waste of money in 
fruitless attempts to destroy prickly-pear by means of the Cochineal insect; such as 
have been made in the past have been made in ignorance of the true food plants of 
that little insect ”. 

Meanwhile both the insect (D. indicus) and the host plant (0. monacantha) 

' became rare in the country and the Queensland Prickly-pear Travelling Commission 
, whioh toured India in 1914 wrote thus: “ One species of prickly-pear (0. monacantha) 
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lias evidently been very widespread throughout India in years past, but is now 
relatively uncommon in North India and practically extinct in South India. This 
result has been brought about by the wild Cochineal —Dactylopius indicus, G. 
Inquiry, supplemented by personal observations in the course of extensive journeys 
in the Madras and Bombay Presidencies and in the State of Mysore, failed to bring 
to light any quite recent instance of the wild Cochineal insect’s occurrence." The 
writer was, however, able to collect this insect in 191G in the Bhimavaram 
and Mandapetta villages of the Godavari delta on monaoantha, as recorded in his 
Bulletin on Coccidse [Ramakrishna Ayyar, 1919, 3]. He carried the material to 
Coimbatore and tried it on Dillenii, but the trial only confirmed the negative 
results obtained years ago. It is possible that this insect, though rare, may be found 
here and there in some parts of the Northern Circars. 

(b) The second species is Dactylopius tomenlosus, L. (Plate XIII.) In the general 
morphological features and life-history this species is more or less similar to indicus. 
As stated once above, it is difficult to identify either of these by a mere naked eye 
examination. The main differences between the two species are— 

(i) The adult female of tomenlosus is smaller than indicus. 

(ii) The 7th antennal joint in lomentosus is slightly longer than broad. 

(lit) In indicus the dermal pores are comparatively small and inconspicuous 
and are usually found only in groups of 3 or 4, while in tomenlosus the 
pores occur in large clusters of 2-16 (Plate XV). 

(iv) The truncate spines, though numerous, are comparatively longer than the 
breadth of their bases in tomentosus, while in indicus the basal portion 
is very broad (Plate XV). For detailed technical description of the 
different kinds of Cochineal insects reference may be made to Green’s 
paper in the Journal of Economic Biology [1912]. 

I The most important difference, however, between the two species is in the food 
I habit: repeated trials have proved that indicus breeds only on mmacantha sp. of 
pear, while tomenlosus is found to breed freely on Dillenii. D. tomentosus, 
which is also a wild Cochineal, is quite new to India; it was towards the end of 
1914 that the Ceylon Government received a consignment of this Amerioan insect 
from the Commonwealth Prickly-Pear Commission of Australia [1926], In January 
1929, while on tour in Koilpatti, this insect attracted the writer’s attention who 
found it thriving pretty well on the common species of Opunlia (0. Dillenii) in that 
locality. On being told that it was introduced from Ceylon via Tutdoorin, 
Dr. Hutson, Government Entomologist, Ceylon, was written to, and he was kind 
enough to inform the writer that a consignment of this inseot {D. tomentosus) was 
sent to the Madura Co., Ltd., in Tuticorin, at their request, late in 1926, and that 
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tiie latter had reported about the good work of the insect in checking prickly-pear. 
Since then the writer has noted the rapid spread of this insect into the adjacent 
districts, chiefly Madura, Ramnad and Tanjore, and he has had letters of enquiry on 
the subject from the Health Officers of Negapatam and Cuddalore^ Before dealing 
with the economic importance of the different Ooccids noted above, it will not be out 
of place to add a few words regarding the true Cochineal insect —Dactylopius caoti, L. 
This latter is a native of Mexico, though it has latterly been cultivated in West 
Indies, Peru, Africa, Canary Isles, etc. It shows definite differences in size structures, 
etc., as compared with the wild species; it is bigger in size and does not possess as 
much of the thick mealy white covering as in indicus or tomentosus ; the derma] pores 
appear in large clusters and possess thick rims, which is quite a distinct feature of 
this species; the truncate spines are very inconspicuous and are slender and often 
taper (Plate XV). From the commercial point of view it is considered to be far 
superior and finer compared to the wild forms; in trade circles the former has been 
known as ‘ Ornna fina' and the latter as * Grana Sylvester ’! About ten years ago 
the writer came across a dry dye-stufE used by the silk weavers of Kollegal in South 
India known under the name of * Krimtnji on examination, the material was 
found to be dry specimens of a Coccid ; on preparing and examining it microsco¬ 
pically it revealed itself to be the real Cochineal, D. cacti [Ramakrishna Ayyar, 
1930, 2], and the writer’s identification was subsequently confirmed by Mr. Green, 
the greatest authority on the group. The dye used for the famous Kollegal sik 
towels in deep crimson and red colour is this stuff—the genuine Cochineal imported 
into India from Europe or America. 

Economic importance of priokly-pear Coccidae. 

Very little remains to be added under this head, since a good deal has been 
said in speaking about each insect. Of the three Coccids, Diaspis echinocacti is of 
less importance at present from an economic point of view, though it is worth while 
watching the work of the insecIFand its relations with its food plants. As to the 
other two, though their original importance as Cochineals is now ignored, it is 
evident that both are economically very important—each in checking a particular 
kind of prickly-pear —indicus for monacantha and tomentosus for Dillenii. It is 
apparent from the present scarcity of the former pair that indicus has almost 
finished its work with monacantha. With .regard to tomentosus it has only just 
entered the country, and in view of the fact that it breeds well on our commonest 
species of prickly-pear, 0. Dillenii, it will have plenty of useful work before it. How 
successful the experiments of 1872-98 would have been if only this insect was used 
instead of indicus !! And the country would have been comparatively free from prick- 
lyjpear by now! The writer understands that consignments of this insect are being 
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sent to different parts of the country from Tinnevelly and Madura where the insect 
had made itself felt; if this Cochineal spreads, as it is doing at present, without any 
set-back, in the course of a few years the appearance of our countryside would be 
quite diffeient and prickly-pears will become rare plants. The probable set-back 
might be the advent of parasites; for the past two years during whioh period the writer 
has observed and studied this insect at close quarters no parasites have been found. 
But it is not unlikely that native species of lady-bird beetles, Chrysopas, flies and 
hymenoptera, whioh attack indigenous mealy-bugs, might under different seasonal 
conditions take a fancy for this Cochineal insect: in such a case the smooth, triump¬ 
hant progress of the newcomer may receive a check. It is the writer's idea to 
watch this aspect of the subject of parasitism and study the life-history, habits and 
progress of the Coccid under different seasonal and local conditions. With regard 
to its food habits there is absolutely no reason to apprehend that it will feed on any 
plants other than Caotacese; this has been established long ago. It is however the 
intention of the writer to watch and study on what all cactaceous plants this insect 
would feed. So far the writer has not come across any one who really feels the 
introduction of this prickly-pear enemy as undesirable; perhaps, there may be some 
who are interested in the retention of prickly-pear! 

In introducing this insect to new tracts it is advisable to inoculate insect 
material to shady parts of prickly-pear clumps and avoid doing so during rainy or 
windy weather, so that the minute crawling larvae and the delicate-winged males 
may not be seriously affected or killed. Under favourable conditions within a week 
after infection the minute red larvae begin to crawl over the joints of the growing 
plant, and in another week or ten days these settle themselves in convenient spots in 
groups and begin to cover themselves with the white cottony pubescence (Plato XIII). 
Gradually the plant surface becomes covered with broad white patches of the 
cottony pubescence, and clusters of minute tubular white cases appear among 
them; from these latter the winged adults emerge and fertilize the stationary 
female insects. During the period when these small delicate-winged males emerge, 
swarms ot them are found in the air near prickly-pear areas like gnats ; these are 
quite harmless and after mating with the female insects die away. After this, the 
female insects continue to grow vigorously seoreting the white mealy covering 
profusely. In about 45 to 50 days the insect passes through one life-cycle under 
favourable conditions, and in this way the colony rapidly multiplies and covers 
prickly-pear plants in white cottony masses. Within a few months big clumps of 
infested prickly-pear begin to die out. Some care and attention during the earlier 
stages of the trial will help the insect in getting itself well established in new 
localities. It is conceivable that in a few decades this insect and its host plant 
DiUenii might become scarce like tnonacantha and its parasite indicus. It is advis- 
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able, therefore, not to allow such organism to die out; for this purpose the two plants 
with their respective Cochineal parasites may be cultivated under proper control in 
some of the botanical gardens so that they be at hand for any future needs. This 
is suggested in view of the fact that at present while monacantha prickly-pear may 
be found here and there, its specific parasite indicus is now very scarce. 

A word or two in connection with the introduction of exotic plants and animals 
into the country may not be out of place here. So far as the writer is aware the 
introduction of this new Cochineal (tomentosus) appears to have been made by a 
private party, and it is doubtful whether the authorities had any warning or intima¬ 
tion about the affair. In such cases it is highly desirable that very great caution 
and care should be exercised, and the Government should alone possess the right to 
allow or disallow such foreign introductions, and a strict system of baggage 
examination and quarantine should be instituted at all ports of entry. Though in 
this particular case the immigrant happens to be a beneficial agent so far, it is not 
unlikely that undesirable kinds of plants and animals may gain admission into the 
country through the careless acts of irresponsible parties, and permanent and often 
irreparable harm may be caused to the country, as in the case of the recent 
introduction of an undesirable scale-insect (Icerya purcftasi) into the Nilgiris. 

In conclusion, the writer wishes to add that he ventured to prepare this paper 
not only because the insects are Ooccidae and fall within the sphere oE his special 
line of study, but also due to his anxiety to bring to the notice of the public the 
great economic importance of these Cochineal insects—-especially of the newly intro¬ 
duced species—to the agriculturist all over the country. If the paper helps in any 
way to serve this purpose, he would feel amply rewarded. 
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BENEFICIAL EFFECT’S OF POTASSIUM IODIDE IN CASES OF 
DELAYED SHEDDING OF CALF HAIR. 


BY 

Lt.-Col. J. MATSON, O.B.E., I.A. 

In the crossing of Indian and European cattle the first cross is almost invariably 
healthy and strong, but the second cross to the European, i.e., progeny of the 
hybrid female mated to the European male again, when certain European breeds 
are used, develops characters which, when occurring together, are lethal for practical 
purposes in those parts of India where the highest temperatures are experienced. 

Five different characters have been identified, up to now, by a process of 
mating the hybrids together and so obtaining in different individuals the expres¬ 
sion of each character singly. Among them is one in which the long hair, charac¬ 
teristic of nearly all calves at birth, is not shed as the animals grow, but remains 
and, in the summer, is erected. The animal is then always unthrifty and milk 
yield falls off, usually resulting in its being weeded out. The incidence of such 
cases is much lower at some stations which enjoy relatively cool climateB, as for 
instance on the 2,000 ft. elevation plateaus of Central India, and animals display¬ 
ing the condition have become normal on being moved to such stations from, for 
instance, the hot plains of the Ganges valley. It appeared reasonable to suppose 
that, in all these manifestations of ill health, nutrition is defective, and the question 
arose whether it would be possible to discover what element in particular the 
animal was unable to assimilate from its food. For this character, namely, delayed 
shedding of calf hair, it was found that potassium iodide was beneficial as shown by 
the following:— 

1. In the Bpring of 1928, two four-year-old affected cows were put on a 

regular average of 10 grains of potassium iodide once a week. At the 
end of two months the hair began to loosen and come away and the 
coat became normal. The treatment was discontinued and they have 
remained normal for over a year since. Following this a calf (Plate 
XVI, fig. 1) which showed no sign of shedding its hair was similarly 
treated with 4 grains potassium iodide for two months and similarly 
became normal as in Plate XVI, fig. 2. 

2. In October 1928, 3 oz. potassium iodide was added to every 100 lb. of the 

mineral mixture (bone-meal, lime, etc.) which for some years we have 
( 238 ) 
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Pig. 2.—Fig. 1 after treatment. 











PLATE XVIII 



Fig* 3. Fig. 4.—Fig. 3 after treatment. 
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Fig. 3. Fig. 4.—Fig. 3 after treatment. 
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been giving to all our cattle (with apparently highly beneficial results 
as regards milk yield, resistance to contagious abortion and Johne’s 
disease) at which time there were some twenty affected animals 
scattered over the various farms under my control. Examples are 
seen in Plate XVII, figs. 1 and 3, and Plate XVIII, figs. 1 and 3. 

Making a tour in March 1929, there appeared to be some change for the better 
in their appearanco, but it was too slight to justify conclusion. Now, however, on 
making another tour in September, after returning from furlough, I have found 
them completely cured without exception. Plate X\ II, figs. 2 and 4 and Plate 
XVIII, figs. 2 and 4 show the cured condition. 

Plate XVIII, fig. 4 is an outstanding case. She was most unhealthy in the 
first four lactations which varied between 3,000 and 5,000 lb. She has now a 
remarkable appearance of good health ; her lactation beginning August 1928, i.e ., 
containing part of the period of iodine feeding, produced 6,090 lb. She has 
calved again in September 1929 and promises to give well over 7,000 lb. 

Conclusion. 

In regard to the first three cases mentioned, I did not feel able to be quite 
positive of the relation of cause and effect, the number being so small, but now 
there seems some justification for an assumption that the iodine has enabled these 
animals of European parentage to overcome some defect in metabolism due to an 
inherited factor influencing growth and patent in the normal hot areas of India. 
In years past we have been seriously troubled by the condition and have weeded 
out quite large numbers of cows which failed to milk well because of it, so that 
suddenly to find our herds completely free seems of striking importance. 

The case may possibly be of value to breeders in other tropical and sub-tropi- 
cal regions where European breeds have been found not good doers. In our case 
we are more or less compelled to use such cattle as when healthy they give from 
two to four times as much milk as the native animals; we would otherwise be com¬ 
pelled to purchase. 



FEEDING IODINE TO YOUNG CALVES AT BANGALORE. 


BY 

T. SESHACHALAM NAYUDU., M.R.A.S.E., 

From the Animal Nutrition Section , Imperial Department of Agriculture , Bangalore. 

The havoc played by the deficiency of minerals in the food given to young 
animals has been the subject of serious study by eminent nutritionists throughout 
the world. That iodine plays a prominent part among these minerals has been 
established by numerous workers. A very full bibliography of the subject is given 
by Frank Ewart Corrie [1928]. Experiments are quoted in this pamphlet to show 
that under suitable conditions iodine feeding has resulted in great benefit to live¬ 
stock. It is generally understood that iodine exerts this beneficial effect when there 
is a shortage of this element in the food. Col. McCarrison [1927] has however shown 
that iodine feeding might be beneficial even when there is no shortage of the element. 
It acts then presumably as an antiseptic in the system. Whatever the nature of 
the action may be, there is no doubt about the great benefit that is obtainable. 
In the Imperial Institute of Animal Husbandry and Dairying at Bangalore there 
is at times a considerable amount of scouring amongst the calves. It was suggested 
by Mr. F. J. Warth, Physiological Chemist, that iodine might have a beneficial effect 
in this case. Accordingly the following experiment was undertaken by the writer 
under the kind initiative and guidance of Mr. Warth. 

A bunch of calves numbering 24 was taken over. Whenever casualties occurred 
or calves were disposed of otherwise, fresh additions were made to make up the 
number. Great care was exercised in the selection of the calves. Twelve groups 
were taken with two in each group representing as far as possible the same breed, sex 
and age. The calves in each pair got the same quantity of feed. In every pair one 
calf received five c.c. of 0 8 per cent, of potassium iodide once a day in milk, and the 
other calf was kept as a control getting no potassium iodide with its milk. Calves 
over one and half months old received some extra concentrates, and in all such 
cases the two animals to be compared were rationed identically. The experiment 
was started on 13th May 1930 and was continued till 18th August 1930, and the 
results found are as follows :— 

1. During the course of this experiment, the calves getting no potassium iodide 
suffered more from digestive troubles and two died from such causes. Whereas 
in the case of calves getting potassium iodide only one calf suffered from indi- 
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gestion and there was also one death and that was due to inflamed joints 
after nine days’ ailment (rheumatism). 


Calf Nos. 



Calves which were given 
potassium iodide 


The calf was dull and off feed 
on 20th May 1930, also the 
joints were inflamed. The 
calf was unable to get up, re¬ 
fused taking feed and died on 
29th May 1930. 



Suffered fi-om indigestion for 
cwo days, on the 1st and 
2nd August 1930. 


Calves kept as controls 


Suffered from diarrhoea from 1st 
July 1930 to 7th July 1930 and 
again suffered from diarrhoea 
from 25th July 1930 to 1st 
August 1930. 

Suffered from dysentery from 17th 
July 1930 to 19th July 1980. 
Calf died on 23rd May 1930 due 
to gastro-entritis. 

Suffered from white scour from 
3rd June 1930 to 13th June 
1930. 

Suffered from diarrhoea from 12tb 
July 1930 to 15th July 193'), and 
again from 17th July 193) to 
20th July 1930. 

Suffered from white scour from 
13th June 1^30 to 20th June 
1930 and aga-n from 1st July 
1930 to 13th July 1930. 

Showed symptoms of diarrhoea on 
13th .June 1930 and died on 15th 
June 1930. 


2. During the course of this experiment, it was also found .that some of the 
calves suffered from mange and ringworm and their details are as given below :— 



Calves which were given 
potassium iodide 


Calf of Buffalo The calf was under treatment 
No* 14. for a small patch of ringworm 

from 3rd June 1930 to 8th 
June 1930. 



Calves kept as controls 


982 Got an attack of Angworm on 1st 
August 1930 and is still under 
treatment. 

991 The calf is still under treatment 
for mange from 21st July 1930. 

Calf of buffalo, The calf is still under treatment 
No. 2. for mange from 23rd May 1930. 

976 Suffored from mange from 16th 
J uly 1930 to 2nd August 1930. 

996 The calf is still under treatment 
for ringworm from 1st August 
1930. 
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3. Another important observation made during the course of the experiment 
was that the calves which were given potassium iodide exhibited greater appetite for 
milk and consumed their share of milk much quicker and better than the controls. 

4. In live weights no marked effect was noted. 

5. Potassium iodide produced a marked effect on the appearance of the 
animals. 

To obtain an independent judgment on this point Mr. A. A. Lamb, Super¬ 
intendent of the Imperial Institute of Animal Husbandry and Dairying at 
Bangalore, was approached with a request to act as judge. The calves were all put 
in one pen and were shown to him in pairs with no distinguishing marks, and he 
selected those calves which were better-looking and glossy in appearance. Out of 
the twelve calves he selected, eleven had received potassium iodide, thus bearing 
testimony to the efficacy of potassium iodide feeding. 
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OBSERVATIONS ON THE OASTOR-OIL PLANT (RICINUS COM¬ 
MUNIS LINN.) IN THE UNITED PROVINCES.* 

BY 

R. L. SETHI, M.Sc. (Pb.), B.So. (Agbi. Edin.), I.A.S., 

Economic Botanist to Government, United Provinces. 

Introduction. 

C'awnpore is the chief centre of the oil industry in the United Provinces, and a 
large quantity of oil-seed comes into its markets for crushing. Castor is one of the 
most important oil-seeds, and cartloads of it are seen coming from surrounding 
villages. A mere glance at the heaps of the castor seed, and a handful from any of 
them will show a mixture of twelve to twenty varieties in one lot, differing in their 
size, colour, and patterns on the shell. This seed is purchased by the mill-owners 
from year to year in a haphazard manner, regardless of the percentage of oil it 
contains, or without any measurement of the moisture content. No estimation is 
made of the amount of husk enclosing the kernel, which may be as high as 34 per 
cent, of the total weight of the seed. These factors raise or lower the value of the 
seed, and the oil millers run a great risk in purchasing seed of mixed types. In 
order to define these varying factors, and to bring to the notice of the cultivators 
and mill-owners the utility of growing and crushing pure types of such varieties, 
which contain high percentage of oil, and are useful economically, a large number 
of varieties of castor Beed were collected from the province and elsewhere, and 
grown at the Botanical Research Farm, Cawnpore. Pure cultures of these types 
were isolated, and numerous analyses were made of them. It was also decided to 
record as much information as possible on the cultivation of this crop, as no experi¬ 
ments have been carried out so far in these provinces and little or no literature 
existed on the subject. The first portion of this note is descriptive, and the second 
deals with the experiments designed to disoover the most important direction of 
improvement of the oil percentage in the seed. The results so far obtained point to 
definite conclusions. 

Descriptive. 

Description and distribution of the plant. —The plant is an evergreen shrub 
belonging to the natural order Euphorbiaceae, and differing much in height and 
branching according to respective varieties. Their leaves are simple palmate 
usually green in colour. The stems are either red or green, or possess shades of 
either colour, and are usually covered with a white blossom. Flowers are unisexual, 
and both sexes are found on one raceme, the females at the top and the males at 
the base (Plate XXI, fig. 3). Both types of flowers mature at about the same time, 

. * Paper reed et the Agrioultnre Seotion of the Indian Soienoe Oongreaa, Nagpur, January 1931. 
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the male flowers perhaps slightly earlier. The pollen is shed actively in the morning 
from 11 a.m. to 2 p.m. when the maximum temperature in December and January 
is 70° F. to 80° F. All the flowers, either male or female, of the same spike do not 
mature at the same time. 

Castor is grown to a greater or less extent in every district of the province, but 
usually as a field border, and very rarely as a sole crop. The only division, in 
which the area it covers is large enough to deserve mention, is Allahabad where it 
is reported to cover about 1,400 acres along the margin of the river Jumna. It is 
very commonly grown on isolated patches in the neighbourhood of dwelling houses, 
and used as a support for the creeping bean known as sem (L'oilchos lablab). It also 
grows wild in different localities in the province, more commonly near villages, on 
the manure pits and in deserted shallow ditches, where the blown seed finds a 
favourable situation for germination. 

Cultivation (as practised). —It is chiefly cultivated along the top of the high 
mud banks, which commonly surround orchards and vegetable gardens. It serves 
there the double purpose—as a protection to the field and as a support to the bean 
creeper. In certain districts, it may be sown as a mixed crop with arhar (Cajanus 
indicus ), chari (Sorghum), bean, etc. The writer lias not come across any field, in 
these provinces, sown with castor only. It is doubtful if growing castor as a 
single crop in a field would be as profitable as growing it on border or as a mixed 
crop. Probably in both these latter conditions it gets more aeration. It was 
experienced on the farm that a pure variety grown as a sole crop on an acre basis 
almost always developed a disease of one kind or other. The United States of 
America, in order to produce all the oil required for their industrial purpose, 
covered in 1918 about 200,000 acres of land in the Southern States with the castor- 
oil plant. The trial ended in a failure, as the crop was badly attacked by a fungoid 
disease—a species of Botrytis —which attacked and spoiled the racemes at the early 
stage of their growth. The amount of damage caused by this disease reached 
about 90 per cent, of the fruiting racemes, and further attempts to grow the crop 
weTe given up. It seems thus that the present method of growing on elevated 
banks (bunds), or as a mixed crop as practised by the cultivators, is based on expe¬ 
rience, and is not without its intrinsic advantages. 

The plant is generally sown in sandy soils, but it thrives best in rich loams. It 
does not grow well in clay. It is a drought-resistant plant, but is very susceptible 
to water during the early stages of its growth. It is because of this that it does 
remarkably well on ridges and boundaries of fields. It is usually sown in June or 
July at the commencement of the monsoon or with canal irrigation just before the 
rains break. The young plants are usually earthed up round the bottom of the 
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stem to prevent the accumulation of water. Usually no winter variety is sown in 
October in these provinces. It is ready for harvest in March-April. Mature fruits 
begin to appear about the end of February. The racemes arc gathered in April 
once every week, either being pulled off by hand, or cut with a knife just when 
they split and shed their seed. These capsules, a majority of which are still green, 
are put in a pit covered with cow-dung and earth for separating the seed from the 
capsules. They are then taken out after three or four days, dried in the sun and 
sold in the market. In the perennial varieties, the yield in the first year is less than 
that in the succeeding years, and the net result remains profitable for about 3 to 4 
years, and then gradually doorcases. 

Cultivation (per acre ).—We now come to an important aspect of the subject— 
cultivation per acre— as it is not sown anywhere in these provinces as a single crop. 
The various agricultural operations, and approximate expenses given below, of rais¬ 
ing an acre oi castor-oil plant, and rate of different commodities in the market, 
would be useful for cultivators and zemindars who are interested in its cultivation 
and want to sow it on a large scale. 

The land is ploughed twice and brought into a fine state of tilth with the first 
fall of the rain in June, or with the canal water before the rains. Good selected 
seeds are sown in lines four feet apart, at the rate of 10 seers per acre after the 
plough, and 5 seers by dibbling. With closer sowings the plants grow tall and are 
difficult to pluck. Moreover by crowding together they do not get enough light 
and air, and are liable to develop diseases. If the germination is weak which is often 
due to heavy rains, the gaps are filled in by dibbling in the seed by hand. When 
the plants are six to nine inches above the ground, they are thinned by removing 
the weaklings. Two to three such thinnings are required before the plants are four 
feet apart each way. In ordinary circumstances it requires one or two irrigations, 
if it happens to be dry and the monsoon stops early. The fields may be hand- 
weeded twice or thrice during growth. The crop is ready for harvest in March- 
April. The crop remains in the field for about ten and a half months in the year, 
and if it is not attacked by any disease, gives approximately ten matnds of the 
seed per acre. In the second year, the stems are cut, and the land is cleaned of 
weeds, and watered. This is done immediately after the harvest, in order %> save 
the old roots from the attacks of the white ants. 

Manure .—If farmyard manure is available, it may be applied in the beginning 
at the rate of seven or eight cartloads (each fifteen to twenty maunds) per acre, 
with the first ploughing, and thoroughly incorporated with the soil. If it is not 
available then a piece of land which had previously grown a leguminous crop 
should be selected for growing castor. Castor exhausts the soil soon, and cow-dung 
manure should be applied every year. 
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Estimates per acre .—No estimate can be given whioh will hold good lor all the 
places within the provinoe. A few varieties were grown successively lor two years 
on acre pieces at the Botanical Research Farm, Cawnpore (Plate XX). The approxi¬ 
mate estimates of cost and profit are Bhown in Table I. These are also compared 
with conditions prevailing in rural areas. It is profitable to grow only one variety 
for two years at one time. In the third year the crop must be removed, as the 
roots become hollow from inside, and the yield becomes poor. A cultivator can 
save some items of expenses on labour, as shown in Table I, by growing bean 
creeper with castor. 

Table I. 

Showing approximate expenditure on, and profit from, an acre of land sown with castor 

alone. 


Expenditukb in the CITY ON EXPENDITURE IN A village on 
ONI ACHE OF LAND ONE ACRE*OF LAND 




1. A. T turn- 
wrest plough, 
with * Pahta \ 

2 Manure 

3. Cartage and 
spr o a d i o g 
charges of 
manure. 

4. * Desi ’ 
plough with 
* Pahta \ 

5. Sowing 
Dibbling), ] 


6. Weedupand 

thianitt^T 

7. Irrigation . 

S. Canal dues. 
9 Ijand rent . 
10. Seed . 

11 Harvesting 

12. Cle a n i n g 
seed. 

Total expen¬ 
diture. 


Bs. As. Re. As. Rs. Ab. Re. As Re. Ae Re. As. Ra. As. Rs. As. 

8 0 8 0 ... ... 8 0 3 0 ... First day 

60 CO 0 0 00 60 60 GO 60 100 maunds per 

acre. 

40 40 40 40 40 4 0 4 0 40 • 


30 30 30 30 
10 0 10 0 10 0 10 0 


2 0 2 0 


H 


... Second day. 

Six men at As. 
6 in the city 
and As. 4 in 
the village 

7 12 Two times 24 
men. 

0 12 Two times 6 
men each time. 

3 0 
7 0 

2 0 Sight men at 
As 0 each 

2 4 Twelve women 
at A R . 4 each. 


49-3 45 7 I 41 4 27 8 42 3 I 39 15 I 35 0 1 32 12 
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Income per acre in the city j 

Income per acre in the Tillage 



1927 

J928 

1927 

1928 



Rs. 

Rs. 

Its. 

Rs. 


1. Seed (10 

57 

57 

54 

54 

At 7 seers per 

mds.) 





rupee. 

2. Wood (about 

20 

20 

10 

10 

At As. 12 a hun¬ 

2,500 sticks). 





dred. 

Total income 

77 

77 

64 

64 



Diseases .—The following pests commonly attack the crop in these provinces:— 

(1) Diehocrods punctiferalis. —It is a stem-borer and Beed-eating caterpillar. 

It generally bores into the first flower-head growing between the two 
branches, proceeding upwards until it spoils the whole raceme. The 
caterpillar also bores into the young capsules, and eats away the deve¬ 
loping seeds. The only remedy consists of pioking off the attacked 
fruits and burning or burying them. 

(2) Leaf sucking castor, mealy bug, known as Aleurodes riciwi. Its young 
ones suck the sap out of the leaves. If the attaok is limited to a few 
plants, the infested ieaves may be removed and buried or burnt or 
sprayed with crude oil emulsion. On the excreta and dead bodies of 
these insects, various kinds of saprophytic fungi grow up. These 
fungi, though they appear to be, are in fact not the direct cause of the 
trouble. 

(3) Botrytis ,—A species of this also commonly attacks the plant, and spoils 
the fruiting racemes at the early stage of their growth. 

It is interesting to note that the plants are attacked mostly when grown as a 
sole crop on a field scale. It escapes the attaok, when sown in single lines or as a 
mixed crop. A similar phenomenon happened in America, as described before, 
when it was cultivated on a large scale as single crop. The crop was badly 
attacked, and it resulted in total failure. What is this due to—crowding together, 
absence of light, or air—is not quite clear yet. This matter is being furth|| investi¬ 
gated. 

Trade figures and market rates .—Table II shows the annual output of this crop 
in these provinces and the comparative figures of export and import of seed and 
oil. More than one-fifth of the seed produoed and imported annually to these 
provinces is exported to Calcutta and other ports. The oil is chiefly consigned to 
Punjab, Rajputana, Bengal and Bihar. The largest buyers of castor oil in the 
province are undoubtedly the Railways, some of which have their own oil mills 
(e.g., one of E. I. R. at Manauri, near Allahabad). 
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Table II. 

Comparative figures of average annual production, export and import of castor seed and 
oil in the United Provinces. [Luke, 1926.] 


vrtiolo 

Harvonted 

Mds. 

Value in 
Rupees 

Export 

Mds. 

Value in 
Rupees 

Import 

Mds. 

Value in 
Rupees 

Reed 

600,000 

4‘J,00 0 )0 




<5,19 ]<lg 

Oil. 

... 





3,53.23(5 


The seed is sold at the rate of six to seven seers per rupee in the Cawnpore 
market for crushing. The material brought by the cultivators contains about two 
seers of empty shells and capsules in a maund of seed. 


Three important types of cruslieis arc employed for extracting the oil: one is 
the hand press, the second the hydraulic, and the third the expeller. The hand 
press, though not power driven, is considered to be better than the other two, and 
many mills are equipped with hand power screw presses. Castor has a husk, 
whi< h varies in quantity from 26 to 34 per cent, of the weight of the seed. By the 
removal of this husk, which contains no oil, the capacity of mill can be increased 
by 26 to 34 per cent. A great saving on coal, wages and wear and tear ol the 
rollers can also be effected. In the hand press the seed is first crushed, and about 
eight to ten seers of husk obtained per maund is removed, and the remaining 
thirty to thirty-two seers are used for pressing oil. This is wrapped up in gunnv 
pieces, and pressed in between iron plates over fire (Plate XIX). About 371 to 40 per 
cent, of oil is extracted in this way, depending on the quality of the seed. Thus, 
one maund of seed gives about sixteen seers of oil. In the other two presses, no 
cleaning is done, and shells and rubbish is all pressed together, and the oil percen¬ 
tage is slightly higher (40 per cent.). The colour of the decorticated castor seed oil, 
extracted from the hand press, is better and fetches one to three rupees per maund 
more in the market. The cake also, of the hand press, is cleaner and letches better 
price (rupees three to rupees three and annas eight per maund) as compared to 
the cake produced by the power driven presses. The latter is darker in colour, is 
inferior in oil percentage, and Bells at cheaper rate (rupees two and annas two per 
maund). One hand press working nine hours a day with three men for six turns 
(about an hour and a half each turn) will produce four to four and a half maunds 
of oil, and the same quantity of cake. In Egypt, as Gadalla [1924-25] reports, the 
oil is extracted by washing the seed with hot water instead of pressing. In this 
process the seed is roasted like cofee beans, ground into coarse grains and boiled 
in water. The oil floats to the surface of the water. It is skimmed off, boiled 
again in another vessel, skimmed again, and kept in glass vessels lor use. Most of 
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the castor oil made in the province is of very poor quality, being too acid, and the 
colour is too dark to fetch a high price. According to Duke [1926], more attention 
should be given to the storage of seed in dry godowns, since the oil extracted out 
of wet seed rapidly becomes acid. 

The Indian beans are quite superior, and, according to White [1918], ol the 
millions or more bushels of beans imported into l\ S. A. through the port of New 
York, the bulk cornea from Madras and Bombay, and according to him, the oil- 
content of Indian beans runs as high as 55 per cent, as compared to Zanzibar 
beans which give only 35 per cent, oil, and is of inferior quality, because of the 
increased amount of acid. 

Samples of castor seed were collected from the United Provinces, and Madras, 
Guntur, Hyderabad (Deccan), Ahmedabad and Bombay, in order to see the 
difference of oil percentage between the local and outside varieties. The result is 
shown in Table Ill. We find that the indigenous varieties are in no way inferior 
to those from other provinces, and fairly good material already exists in these 
provinces for propagation. 

Table IIT. 


Analyzes of foreign (F) and indigenous (/) samples of castor seed, so mi 1923. 


No. 


Percentage 

of 

shell 

Percentage 

of 

moisture 
in dry 
kernel 

Percent ago 
of oil in 
dry kernel 

Percentage 

of 

oil in whole 
chy seed 

i.p 

Seed obtained from o • twd( the 
province. 

From Guntur .... 

32-20 

3-28 

70*84 

48*04 

t 

2. F 

Hyderabad beat variety . 

33'47 

328 

07*70 

4504 

3. F 

Big oastor spiny, Madns 

26*9s 

4-28 

08*58 

6007 

4. F 

Big oastor spineless, Madras . 

23-82 

3-96 

j 

68-74 n 

62*36 

5. F 

Small castor, Bombay . 

31*92 

4-70 j 

60-76 

46*44 

6. F 

Smell seeded variety, Bombay. 

24-52 

4-52 

6811 

51*39 

7. F 

Big seeded variety, Bombay . 

23*06 

4-40 

69-23 

62*64 

8. F 

Harij, Gujarat .... 

31*04 

4*17 

68-01 

46*91 

9.F 

Patan, Gujarat .... 

33*42 

2*80 

70-79 

47*11 

10. F 

Porbander, Kathiawar . 

31*20 

2*82 

71-93 

49*50 

11.F 

Vadal, Kathiawar .... 

28-68 

4*32 

7013 

50*09 
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Out of all the varieties, No. 10 I, an indigenous variety, gives the highest 
percentage of oil (66*36 per cent.), and the other two varieties, 81 and 91, giving 
54*04 and 54*92 per cent, of oil also belong to these provinces. It would be obvious 
that a mill crushing the above varieties would have far greater margin of profit 
over the one crushing varieties like 8 F, 9 F. or 13 I. 

The economic utility of the plant .—The merit of castor oil over other oils is 
credited to its groat viscosity due to its hydroxylated condition. This merit has 
given it a great importance in lubricating railway engines, aeroplanes and other 
minutely constructed machines. It is, as already jointed out, extensively employed 
by railways in India and is also used in many industries, e.g., manufacturing 
artificial leather, preparing artificial rubber, in the manufacture of Boaps. adhesive 
cements, dyes, skin-creams, copying-inks, etc. It is also an important household 
remedy, and everybody knows the utility of castor oil as a purgative. The leaves of 
the plant are used in feeding the Eri silkworm Attacns Ricini, and the stems of some 
of its varieties are Baid to contain fine fibres, which may be used in weaving coarse 
fabrics or in making ropes. At present they are used for thatching and as fuel. 
The silkworm feeds exclusively on castor leaves, and produces a cocoon known as 
Eri silk. The industry is capable of wide extension in these provinces, as a cottage 
industry, wherever castor grows abundantly. The cultivation of Eri silk can be 
carried on from the beginning of July, as soon as the monsoon breaks out, to the end 
of February. It cannot be grown when hot and dry winds begin to blow. 

Large quantities of castor oil were at one time exported from the United Pro¬ 
vinces, as from other parts of India, but owing to the inferior quality of the 
indigenous oil, more oil-seed than oil has been exjx>rted since 1890, except during 
the war. It is likely that the demand for the latter will increase in the foreign 
countries, owing to the greater requirement for engine lubrication. That the 
demand in India of vegetable oils will tend to increase rather than decrease, may 
be judged by what has occurred in other countries, namely, that as the wealth and 
standard of living has increased, the consumption of oils has risen accordingly. 
As India develops in manufacturing industries, the demand of oil for all kinds 
will certainly increase. There is also a great demand for castor cake for manurial 
purpose in these provinces. This demand is increasing rapidly, with the increase 
of cultivation of sugarcane, for whioh it is particularly suitable. 

Experimental. 

Valuable varieties were collected from Messrs. Volkart Brothers and other 
sources, and from different localities of these provinces. These were sown in 
single rows at the Botanical Research Farm, Cawnpore. A detailed study of these 
rows showed dear difference among the plants of eaoh family and between them 
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and those of other families in many cases in respect of vegetative characters suoh as 
branching, presence of red and green colour on the stems, size of the seed, and dehis¬ 
cence of fruits at maturity. None of those types could be considered as a botanical 
variety. Selections were made by selfing, and pure seed was produced from individual 
plants, which were true representatives of a type. Selfing was done in the progeny 
successively for four years, until each variety was pure and fixed, and did not show 
any trace of a hybrid plant. The inflorescences were covered with light 
paper bags in the beginning, and thin muslin sacks afterwards, to produce pure 
selfed seed. The change of paper bags to muslin sacks was necessary to keep the 
rapidly lengthening inflorescence covered for a considerable period until all danger 
of contamination was eliminated. The bags were generally shaken once every 
morning, as the flowers usually open in morning hours (10 A.w. to 2 p.m.), in order 
to ensure the pollens to reach the sticky stigmas near the top of the spike. Ac¬ 
cording to White [1918J, cross-fertilization takes place only to the extent of about 
five per cent, and the selfing period for fixing a variety should not exceed five 
years. This pure seed was multiplied, and the results shown in the following tables 
are obtained from analysis of these seeds. 

To make commercial castor-oil bean growing in this country a permanent 
industry, requires the breeding of varieties having close compact fruiting spikes 
with non-dehiscent seed capsules. The plants should of course be prolific and early 
maturing. The material for producing such varietal types already exists among 
the many forms available in these provinces; the main problem is to bring them 
together into one or more commercial varieties. Before we could set our heart to 
solve this problem, a preliminary investigation into the changes of oil 
percentages in different morphological forms of the plant, and under varying 
conditions of growth, was necessary. The work detailed below in the following 
tables shows the variation of oil })ercentage under different conditions. The know¬ 
ledge of oil percentage is the most important factor, as, according to Duke 
[1926], an average improvement of even one per cent, in the oil-content of the oil¬ 
seeds grown in the United Provinces, alone, would represent an increased value of 
at least Ks. 15,00,000 per annum. 

Method of analysis .—The method in this analysis was that of extraction of the 
dried seed, with either ether or chloroform, 10 grammes of kernel being taken and 
extracted in a Soxhlet apparatus for three hours. After this time the ground 
kernels were again re-ground, and the extraction continued for another two 
hours. The solvent was then evaporated off and recovered until the oil was free 
from smell of solvent by means of a Bunsen burner and low flame. The oil was 
then placed in an air oven for three hours at 105°C. to 108°C., and the weight taken. 
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This method naturally shows a higher percentage of oil than could possibly be 
obtained by the oil preiioi used in the mills. The percentage of oil was calculated 
on the dry matter of the kernels. The percentage of oil on the whole dry seed 
would have been slightly higher, had the moisture in the shells been taken into 
consideration. An examination of the figures shows that the percentage of oil in 
the dry kernels varies from 65 98 to 77*02 and in the dry seed from 45*25 to 56*36. 

1. Manurial Experiments. 

Throe varieties were sown and treated with different manures successively for 
three years. The application of minures resulted in an increase in the yield of 
seed and variations in the percentage of their oil content. The following table 
will make this clear 

Table IV. 


Showing the effect of different manures on yield and oil percentage in the seed. 


Yiokl of average 

twenty plants (I 1 ' 

Year 

Reference number 

Cow-dung 

Amonium sulphate 

Castor cake ^ 

f « 
1 

i-S 

if 

etf A 

»s 
aSj 

$ 3 

Muriate of potash 

r- 

a> 

03 

A 

O 

A 

a* 

£ 

s 

/; 

Un-manured 

| 1927 

A. 1 

j 15/10 

ll'O 

13/3 

124 



5/12 

1928 

a 23 


139 

12/10 

13 0 

12/2 

10/4 

6/8 



14/4 

14'2 

12/6 

11/0 

7/8« 

8/5 

\m 

H 

13'7 

diseased) 

10/12 

11/9 

14 '6 

10/9 

8/7 

6/9 

C. 27 

14/10 

13'9 

14 8 

12/7 

12/6 t 

9/12 

9/3 


1927 

A. 1 

52-9 

52*6 

58*0 

56S 

63 

46 8 

524 

Oil percentage in the 


C 23 

48*55 



52*28 

49*56 

47*82 

50-62 

whole dry seed. 

|n,)Q 



i 

i 

















C. 27 

63*22 

52*84 

yai 

6418 

52*3 ** 

63 35 

61-77 



C. 21 

48*63 

48*45 


48*44 

47*61 

42*38 

41*69 


1929 

(C«>P 

diseased) 


















c. 27 

51*57 



67*38 

61*47 

66*23 

4903 
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Cow-dung application produces maximum yield in almost all cases. It seems 
to suit best for increasing yield, and the vegetative growth of the plant. Other 
nitrogenous manures also increase the yield to a considerable extent. Superphos¬ 
phate and muriato of potash do better than the absenco of any manure. As re¬ 
gards the oil percentage; all the three varieties seem to show an increase in their 
oil percentages with the application of ticem cake. It is a useful and interesting 
result, as few experiments already conducted in this direction by Mr. M. N. Ghosh 
[ 1924 ] showed that the percentage of oil did not vary and remained constant, 
with the application of different manures. Mr. Ghosh did not use » eem cake in 
the manurial trials. Although an increase or decrease of the oil percentage, as will 
be seen later, depends largely on the ripe or the immature condition of the seed, 
but since all the varieties showed an increase with neern cake, its application seems 
to have some effect in raising the oil percentage. In order to confirm these results, 
further trials of similar nature are in progress. The application of veem cake is 
also useful in warding off the attacks of the white ants and other diseases. 

2. Big and small seed varieties compared. 

All degrees of intergrades in size of beans existed in the original collection, 
these no doubt resulting from more or less chance crossing which wind and insects 
have brought about during centuries of its cultivation. The progeny of pure selfed 
seed of typically big and small seed varieties (Plate XXII, fig. 1) was selected for 
analysis and the results are shown in Table V. 

Table V. 


Showing difference in percentage of oil in the whole dry seed of big and small seeded 

varieties. 


• 

Reference Nos. 

1027 

i 

1028 

1020 

A 6 (Rig rod). 

621 

4805 

46-47 

A 0 (Big green). 

620 

47*66 

50*74 

» 14 (Small red). 

64*5 

63*82 

6801 

a 11 (Small gram). 

688 

40-10 

68*60 

Ott(BigtMd). 

• • 

• • 

50*30 

0 26 (Small seed). 


• • 

51*60 

0 27 (Big seed). 

a • 

• » 

45*34 

Market (Small nd) . 

• • 

• ft 

55*43 

#. (Big rad) . 

• • 

i • 

48*24 
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The market varieties were also tested and it was invariably found that the 
small-sized seed showed better percentage of oil than the big-sized seed. The 
endospermio material is always more oompact in the small seeds than in the 
big ones. In the latter it is comparatively loose and haB a greater hollow space 
between the two halves of the kernel. The high yield of oil in the small seed is 
thus probably due to greater compactness of endosperm within the shell. 

3. Comparison of central and side branches of the plant. 

Generally there are two types of branching in the castor-oil plant. One is the 
ordinary type with a central Bhoot and side branches springing from near the base 
(Plate XXIII, fig. 1) and the second branching near the top only with central and 
side spikes (Plate XXIII, fig. 2). Seeds were collected from the central shoot in 
both cases, and compared with the seed of their respective side branches, to see 
the difference in the oil percentages. Table VI shows the result of plants having 
basal branching, while Table VII shows the result of top branching plants. 

Table VI. 


Showing difference in oil percentage in seed of a central and a side branch of basal 

branched plants. 


Reference No. 

Year 

1927 

1929 

0 14 (central) • 

« 

. 

. 

• 


0 9 


, 

52-6 

53*2 

„ (lid*) 




. 





61*2 

518 

A 6 (1) (central) 


• 




0 


• 

55*6 

55*78 

» (side) 


% 


• 




9 

47-2 

47-31 

0 15 (central) . 


• 


• 




• 

54*4 

• • 

.. (side) 




• 




• 

49*2 


0 28 (eentral) . 









.. 

35-84 

.. (ride) 




• 





.. 

88*75 

0 27 (central) • . 




• 

• 




• • 

40*0 

m Wde) 


. 


• 





.. 

89*67 

a 22 (central) . 




t 

0 


• 


.. 

53 78 

ti (aide) * 

• 



e 

0 

0 

• 


• • 

47*88 

A 8 (oentral) . 

* 



• 


0 

• 


Kl 

55*08 

» (aide) . . 




a 


a 

• 



46*46 


3b 
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The oentral shoot invariably shows a greater percentage of oil. The central 
branch develops a bigger sized raceme, and bears a greater number of capsules. It 
generally ripens earlier than the side branches, and, as will be seen later, early 
maturity has also some effect in increasing the oil-content of its seed. A similar 
phenomenon is seen in branches of a top branched plant. It generally develops 
three racemes near the head, one central and two side oneB. The central is the 
longest, and has got the largest number of capsules on it. It also ripens earlier 
than the other two. 

Table VII. 


Showing difference in oil ’percentage in seed of a centred and a side shoot of top 

branched plants. 








Yiab 




Reference No. 



— 

— 







1027 

1928 

a 22 (central) 

• 

. 

• • • • 

• 

•It 

64*4 

61*81 

„ (side) . 

e 

• 


• 

• e e 

60*3 

63-2) 

C 14 (oentral) 

• 


• • • • 

• 

• • a 

52*67 

49*88 

„ (aide) . 

• 

e 

• • l • 

e 

• • • 

6106 

62*47 

C 23 (central) 

• 

« 

• • a • 

• 

a e • 


60*00 

(Side) . 

• 

• 

» i • • 

• 

• • e 

1 

44*29 

0 26 (oentral) 

• 

• 

a • a a 

• 

• • e 

• • 

51*60 

.. (Side) . 

• 

• 

• • • 

• 

e ■ • 


60*03 

a 6 (oentral) 


• 

• •it 

• 

• e . 

• • 

64*54 

» (side) . 


• 

♦ • 

• 

• • • 

• • 

40*71 

0 28 (oentral) 

• 


# • 

• 

• • e 


62*88 

» (tide) . 

a 

• 

• a 

• 

e • • 

•• 

65*29 


The majority show better percentage of oil in the central shoot, but a few 
types, e.g., Nos. a 22 and C 14, show greater percentage in the side shoot. This 
may have been due to difference in maturity of seed of the central and the side 
shoot, whish may have been collected at different times. 

4. Mature and green seed compared . 

The oil-content of castor seeds depends more upon the degree of maturity 
than on any thing else. This is apparent from the results shown in the Table VIII. 
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Table VIII. 

Showing difference in oil percentage in mature and green seed. 


Reference No. 

1928 

1929 

oa 

percentage 

Difference 
in favour 
of 

mature 

Oil 

percentage 

Difference 
in favour 
of 

mature 

1 F mature 

• 


• 




60-40 

) 











[ 7-43 


• a 

** green . 

e 

a 

a 


a 


42*97 

3 



2 F mature 

• 

a 

• 

• 

a 


5142 

) 











[ 9-64 


a a 

„ green . 


• 

a 

a 

• 


41*88 

3 



9 I mature 

• 

• 

• 

• 



64-95 

) 











[ 3*15 

, # 

a a 

„ green . 

a 

e 


a 

• 

a 

51*80 

3 



10 1 mature 

• 

• 


m 

• 


54*26 

i 












,, 

a a 

„ green . 


e 

• 

a 

• 

a 

62-16 

) 



A 1 mature 

• 


a 

a 

a 

• 

52*4 













,, 

a a 

» green • 

• 

• 

a 

a 

a 


49*4 

) 



0 23 mature 

a 

• 

• 

• 

a 




50*30 












( 4*63 

„ green . 


• 

a 

• 

a 




45*67 


C 4 mature 


• 


a 

a 




51*72 

) 











[ 7 36 

»* green • 


• 

a 



a 



44*36 

) 

a 11 mature 


• 

• 



a 



52*89 

> ' 











[• 9-34 

„ green . 






a 



43*55 

3 

C 28 mature 



a 



a 



52*40 

> 











> 0-86 

„ green . 



a 



a 



51*54 

3 

Market rod — 



• 









mature 







► 

• • 


55*43 

) 












[ 808 

green . 


* 




j 


a a 

• • 

47*35 

3 


The difference ranges from 0‘86 to 9’54, depending on the quality of the seed 
and the degree of maturity. In some cases the seeds of matured capsules show a 
fairly large difference of oil percentage as compared to the unripe ones. Even a 
slight difference in maturity of seeds from the same head Beems to have a consi¬ 
derable effect on their oil percentages. This shows the importance of 

2 b 2 
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harvesting only the ripe capsules. The usual method of harvesting employed by 
tike cultivators of these provinces consists of removing the heads, when only a few 
of the top seeds have ripened, the rest of the seed attaining maturity slowly after 
keeping. In order to escape losses of seed, which happens in dehiscent varieties, 
the cultivator gathers young shootB, and thereby loses a fair percentage of oil. 
This method is obviously very faulty, and should be stopped. The practice of 
gathering unripe capsules can also be avoided by growing only non-dehisoent 
varieties. 

5. Seeds from dehiscent and non-dehiscent capsules compared. 

In some varieties the capsules burst no sooner than it is ripe or is about to 
ripen. In this the Beed getB scattered, and is difficult to gather in the end and 
is lost. The non-dehiscent types do not burst on ripening and are therefore a 
great advantage to the cultivator (Plate XXI, fig. 2). Analysis of seeds from 
both these types was made to find out if any difference existed in their oil percen¬ 
tages. The results are shown in Table IX. 

Table IX. 


Showing difference in oil percentage in dehiscent and non-dehiscent varieties. 


Reference No. 

1927 

1928 

1929 

Percentage 

of 

moisture 
in the 
kernel 

0 l4 (D) 


• • 

• 


55*6 

53 08 

532 

5*7 

O 23 (Non-D) . 


• • 

• 

• 

5*-5 

55*11 

42*56 

4-8 

A 4 (D) . 


• • 



50*3 

47*79 

47*37 

,52 

a 22 (Non-D) . 





540 

50*78 

53*78 

4*5 

0 27 (Non-D) 





• • 

• • 

45*34 

4*53 

1 Market red (D) 





• • 

• # 

48*75 

5-36 

2 •> 9 » (D) 


• » 





43*20 

560 

0 4 (Non-D) . 


• » 



* • 


3610 

4*54 

9 Market red (D) 


# » 

• 




49*75 

6*09 

A 1 (Non-D) . 


• • 

• 

• 

.. 

• • 

39*40 

6*40 

a 11 (Non-D) . 

• 

• » 

♦ 

• 

-• 

4 4 

58*69 

5-09 

Great Market (D) 


• • 

• 

* 

• ♦ 

• • 

50*02 

5-32 

4. Bed market (D) 

* 

• • 

• 

• 

• • 


3548 

4-97 

A 6 (Non-D) . 

« 

* 4 

• 

4 

• * 

- 

54*55 

4*63 


P«-Dehiaoent. 
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No definite conclusions can be formed of tbe above results, as both types show 
greater or less percentage of oil in them. Such character as indehiscence, when 
combined with other useful characters, should be specially valuable in a variety 
grown for oil, since a large percentage of seed is not wasted by dehiscing of the 
mature oapsules; labour is also saved, since it is not necessary to harvest the 
crop once or twice a week in order to avoid loss as in the case with the common 
dehiscent varieties. According to White [1918], this character is also easily trans¬ 
ferable, as apparently not more than two pairs of factors are involved. 

It is interesting to know that dehiscence probably takes place, because of 
more moisture in the kernel, as is obvious from the above results in the Table IX. 
Except for one type A 1 (non-dehiscent), where the percentage of moisture is 
fairly high, all the non-dehiscent types have comparatively lower percentage of 
moisture in their kernels. The point is interesting and, for confirmation, is being 
further investigated. 

6. Difference in oil percentage of green and red stemmed varieties. 

Seeds were also taken from the mature capsules of both such types, and 
were analysed for comparison. The results are shown in Table X. 

Table X. 


Showing difference in the oil percentage of seed from green and red stemmed 

varieties (1929). 


Reference No. 


Percentage 

of 

moisture 
in seed 

Percentage 

of 

kernel 
in seed 

Percentage 

of 

shell in 
seed 

Percentage 

of 

oil in 

whole seed 

Percentage 

of 

oil in 
kernel 

Green stem— 

A 6 


4*26 

73.45 

22*29 

5678 

t 

76-96 

0 27 * 


4-53 

73*22 

22*25 

45*34 

6193 

C 27 . 


5 33 

72*17 

22*50 

49*79 

69 01 

& 11 • • • 


6*09 

70*60 

24*41 

58*69 

8326 

ft 22 


615 

70*51 

24*34 

53*16 

7539 

0 25 . 


5*27 

68*04 

26*09 

61*60 

75*18 

RM stem- 







C 23 . 


4*94 

69*18 

25*88 

50*00 

7228 

0 4 (1) . 


4*54 

67*10 

28*36 

36*10 

5380 

A 1 


5*83 

68*91 

25*26 

48*94 

7101 

ft 14 * • 


4*93 

72*53 

22*54 

58*01 

79*98 

0 14 . 


4*11 

71*55 

24 34 

49*83 

79*65 

04 


5 93 

65*38 

28*69 

51*73 

69*12 

A 6 (1) light purpie 


5 32 

67*72 

26*96 

53*70 

7980 

A 6 (2) yellow purple • 


6*76 

67*63 

2671 

47*60 

70*49 


No definite result in favour of a particular colour is noticeable. Low and hi gh 


percentages of oil are present in both colours. 
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7. Comparison of seeds from spiny and smooth-walled capsules. 

This is a morphological difference of fruits in the castor-oil plant (Plate XXI, 
fig. 1). Seeds from both types of capsules were taken and analysed to see the 
difference in their oil-content. The results are shown in Table XI. 


Table XI. 


Showing difference in oil percentage in smooth and spiny-walled capsules (1929). 


Reference No. 

Percentage 
of moisture 
in the 
seed 

Percentage 
of kernel 
in the 
seed 

Percentage 
of shell 
in the 
seed 

Percentage 
of oil in 
whole 
seed 

Percentage 
of oil in 
kernel 

Smooth-walled capsule — 







I. 0 23 (lot) . 


8*93 

58*30 

34*71 

40*52 

09*44 

2. 0 23 (bed) . 


6*51 

72*02 

21*47 

44*85 

02*29 

3. C 27 . 


645 

09-03 

24*62 

39*71 

67*53 

4. A 1 . 


0*83 

08*91 

20*20 

48*94 

71*01 

5. A 1 (1) 


0*76 

09*70 

24*49 

62*48 

76*25 

6. A 1 (2) 


0*90 

07*10 

20*94 

51*36 

70*04 

Spiny-walled capsule— 







a 11 ... 


5*09 

70*60 

24*41 

58*69 

33*26 

C 4 « e • • 

• 

4*04 

07*10 

28*36 

86*10 

03*80 

a • • • 

• 

4*93 

72*03 

22*64 

58*01 

79*98 

a 2S • • 

• 

5*15 

70*51 

24*34 

63*16 

75*39 

0 28(1) . 

• 

0*86 

64*04 

29*60 

40*00 

61*97 

0 25 ... 

• 

0*27 

68*64 

26*09 

51*60 

76*18 


Like green and red stems, no difference in favour of any one condition is shown 
by the results. Low and high percentages of oil are available in both spiny and 
smooth capsuled types. 

In conclusion, I have to express my indebtedness to Mr. J. A. H. Duke, Oil 
Expert to the Government, United Provinces, for making analysis of some wwi plas , 
and to my assistants, the late B. Baijanti Prasada, for help rendered in the field. 
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Conclusions. 

A large quantity of castor oil-seed is consumed in the Cawnpore market 
for crushing in the local mills. The seed purchased by the mill-owners is full of 
mixtures of various kinds, differing in the percentages of oil, shell and moisture, etc. 
In order to bring to the notice of the cultivators and the mill-owners the risk they 
run in growing and purchasing seed in a haphazard manner, and to show the 
advantages of growing and crushing pure types of such varieties which contain high 
percentage of oil, and possess other useful economic characters, pure cultures of 
various types were isolated at the Government Farm, and analyses were made of 
them. These show definite conclusions, which are summarised below. Besides 
these results, estimates of growing the crop on an acre basis is given. The crop is 
not sown in these provinces as a single crop, and the information contained would 
be useful to zemindars interested in its cultivation on a large scale. The following 
are the results shown by various analyses :— 

(1) Some of the varieties found in these provinces are superior to the outside 

ones, and contain a fairly high percentage of oil (54 to 56 per cent, 
of oil in the whole dry seed). 

(2) Application of different manures showed that cow-dung was best for 

increasing the yield and the vegetative growth of the plant, while 
neem (Azadirachta indica ) cake appeared to suit best for increasing 
the oil percentage. The latter was also helpful in warding off the 
attacks of insects. 

(3) The small-seeded varieties showed greater percentage of oil in their seed 

than the big-seeded ones. This iB probably due to greater compact¬ 
ness of the endospermic material in small-sized seed. 

(4) The seed of the central branch of a plant always contained greater 

percentage of oil than the seed of a side branch. The central branch 
bears the largest number of fruits, and generally matures earlier than 
the side branch. The greater percentage of oil in its seed may be 
due to its early maturity. 

(5) The oil-content of castor seed depends more upon the degree of maturity 

than on any thing else. Even a few days’ difference of maturity brings 
in a considerable effect in their oil percentages. The present method 
of harvesting green and unripe capsules, as practised by cultivators, is 
faulty. It is recommended to grow only indehiscent varieties and 
thereby harvest only ripe fruits. 
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(.6) Analyses of seed from dehiscent and non-dehiscent fruits, green and red* 
stemmed plants, spiny and smooth-walled capsules, were also made, 
but no difference in oil percentage was found in them. High and 
low percentages of oil were found in both conditions of each phase. 

The ideal plant should have big, densely crowded, fruiting racemes (Plate XXII, 
fig. 2), high yield, indehiscent thin-walled capsules of uniform maturity, containing 
small-sized seed, with the highest possible oil-content. The material being avail* 
able, the main problem would be to combine these useful characters into one or 
more commercial types. The breeding of such varieties is in progress, the results 
of which would be published in the next paper. 
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PLATE XIX. 



Hand Povser Screw Press at work with castor seeds. 








PLATE XX. 



Pure \ariet\ of Rianus Communis grown on one pere as single crop 




PLATE XXI. 



Fig. 1. Racemes beating smooth and spiny walled capsules. 



2. Spikes showing non-dehiscent and dehiscent capsules. 


RICINUS COMMUNIS. 


Fig. 3. Young spike showing male and 
female flowers. 







PLATE XXII. 



2 Compact and loose fruiting racemes 
RICINUb COMMUNIS 








PLATE XXIII, 



RICINUS COMMUNIS 




THE LIBERAL USE OF FERTILIZERS IN THE SEED-BED AS 
A POSSIBLE MEANS OP REDUCING MANURE BILLS * 


BY 

RAO BAHADUR B. VISWA NATH, F.I.C., 

Government Agricultural Chemist , Coimbatore, Madras ; 

AND 

M. SURYANARAYANA, 

Assistant to the Government Agricultural Chemist , Coimbatore , Madras . 

This paper is only of a suggestive nature and is intended as a plea for more 
experimental work on the field scale on the possibilities of cutting down manuring 
costs, in the case of transplanted crops, by liberally manuring the seed-bed. 

In the course of investigations in plant nutrition it was noticed that plants 
absorbed large quantities of nutrients in their very young stages, that this absorp¬ 
tion varied with the nature of the manurial treatment, and that young plants that 
had the benefit of a good start in the beginning were better able to withstand 
adverse conditions in their later life than plants that started under less favourable 
conditions. 

If the benefits of manuring are impressed upon the plant even in the earliest 
Btages of its life, it would be reasonable to expect seedlings grown under well- 
manured conditions to do better after transplantation than those grown under 
inadequately manured or unmanured conditions. The first experiment to test this 
point was oarried out in 1926-27. Ragi (.Eleusine coracana) was sown in small 
manured and unmanured seed-beds, and when the seedlings were 40 days old, 
they were transplanted into an unmanured soil of moderate fertility with the 


following results:— 

gnna. 

Yield of crop from manured seedlings.31*11 

Yield of crop from unmanured seedlings ..19*44 


A repeat experiment in small pots in the next season with ragi gave similar 
results. 

grms. 

Dry weight per matured plant from seedlings 34 days old from unmanured bed . 1*51 

Dry weight per matured plant from seedlings from mineral-manured seed-bed • 1*58 

Dry weight per matured plant from seedlings from cattle-manured seed-bed 1*84 


* Paper mad at the Agriculture Section of the Indian Science Congress, Nagpur, January 1981. 
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Encouraged by the results of these preliminary experiments, a third experiment 
was carried out under more rigorous conditions. 

Ragi was again the grain used in this experiment. Seedlings 30 days old raked 
in small differently treated seed-beds were transplanted into 18 small unmanured 
ground plots of moderate fertility. The results are given below :— 


Plot No. 

Average dry weights 
of plants raised from 
seedlings from 
unmanured seed¬ 
beds 

Average dry weights 
of plants raised 
from mineral- 
manured seed¬ 
beds 

Average dry weights 
of plants raised 
from cattle- 
manured seed¬ 
beds 


Grins. 

Grins. 

Grms. 

1 

1-05 

0-96 

1*64 

2 

0*93 

1*13 

117 

3 

0*91 

100 

0-81 

4 

0-92 

1*80 

1*44 

5 

1*23 

2*36 

2*33 

6 

1*29 

217 

2*30 

Average 

106 

1-67 

1*60 



z 


0-51 

— ■ - 33 = 

0-47 


1'09 ; odds nearly 30:1 


Fym — No 0*64 

-a- ** ^ *“0*42 “* 1305 more ^an 30 ; 1 

A similar experiment was carried out with cotton. The transplantation of the 
Cotton seedlings was successful; seedlings transplanted from manured seed-bed 
grew better than seedlings from unmanured seed-bed, but the experiment oould 
not be carried through to completion as the plants had an attack of stem weevil 
which was general. In the case of plants grown from seedlings raised in unmanured 
seed-beds all the plants succumbed to the attack of stem weevil; of the plants 
grown from mineral-manured seedlings there were 80 per cent, deaths; while in 
the case of plants raised from cattle-manured seedlings the deaths were 60 per cent. 

The trials were next extended to sugarcane. By the courtesy of the Govern¬ 
ment Sugarcane Expert, Rao Bahadur T. S. Venkatraman, and Mr. N.' L. Dutt, 
Second Cane Breeding Officer, of the Imperial Department of A gri culture, these 
trials were carried out on their Cane Breeding Stations. 
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Sugarcane setts from canes grown in differently manured plots were planted 
in an unmanured field, and allowed to grow to maturity. When the crop was ripe 
it was harvested. The experiments will be discussed in full detail in another place. 
For our present purpose it would be enough if we took the total yield of mature 
cane from setts obtained from differently manured plots. 

lbs. 


Weight of stripped cane grown from setts from unraanured plot . 
Weight of stripped cane grown from setts from mineral-manured plots 
Weight of stripped cane grown from setts from cattle-manured plot 
Weight of stripped cane grown from setts from cake manured plot 


331 

527 

517 

614 


The results of these experiments are interesting both from the scientific and 
practical point of view. We are here concerned with the practical interest. This 
consists in enquiring on the field scale the possibility of cutting down manure bills 
by raising seedlings in well prepared and manured seed-beds and then transplant¬ 
ing the seedlings in fields which are manured less liberally than usual. Whether 
this is economically possible under all conditions and whether the saving effected 
in the manure bill will not be counter-balanced by the expense of transplanting is 
difficult to say. Trials can, however, be made with crops for which seedling trans¬ 
plantation is a regular practice. The advantage of thin seed-beds over thick seed¬ 
beds in paddy cultivation is well known, and in the light of foregoing experiments the 
thin seed-bed may be interpreted to mean better seedling nutrition than in the 
thick seed-bed. In regard to sugarcane the results of short crop seed method that 
is in vogue on the Agricultural Research Station at Anakapalle and its neighbour¬ 
hood afford encouragement. 

For these reasons it would appear that the results of these small-scale experi¬ 
ments are worthy of repetition on a field scale. 



A NOTE ON INVESTIGATIONS INTO FODDER CROPS IN 

BENGAL. 

BT 

D. DATTA, B. So. (Cal.), 

Second Economic Botanist to the Government of Bengal; 

AND 

F. G. GOSSIP, 

Live-stock Expert to the Government of Bengal. 

The programme of our work in fodder crops consists of the investigation of new 
species or varieties of suitable fodder crops found to have done well in India and 
elsewhere, and in the selection of types and isolation of pure lines of these. The 
growing of fodder cropB has not hitherto been a common practice in Bengal, where 
cultivators have depended on paddy straw, supplemented by whatever green 
roughage their cattle can pick up. Practically the only fodder crops fed green to 
oattle are the pulses, viz., matikalai, khessari, peas and tops of gram, though j-uar is 
grown to some extent in the Districts of Murshidabad, Nadia, Malda and Bajshahi. 
By propaganda and demonstration, the Agricultural Department has effected a con¬ 
siderable increase in the demand for fodder. During 1929-30 the district farm at 
Berhampur sold 1,200 mds. of green fodder, and the cattle farm at Rangpur sold 
3,300 mds. of green fodder and 2,500 mds. of silage to the public. A real demand 
for fodder-crop seeds has also been created, and the supply of seed is insufficient to 
meet the local demand. Recommended seed is being multiplied, both on Gov¬ 
ernment Farms and through cultivators. The two Live-stock Officers stationed 
in Malda and Nadia Districts respectively, have made considerable progress in 
introducing fodder crops. In the District of Malda, within two years of the 
appointment of the Live-stock Officer, more than 50 Guinea grass plots of from l to 
2 bighas each have been planted. The cultivators have more than sufficient for 
their own use, and sell half or more of the green fodder to cither cultivators 
at 0-6-0 per maund. In 1929-30 the distribution of Guinea grass roots in the 
District of Malda amounted to over 50,000. 

A new departure is the making of silage from fodder crops. More than 20 
silage pits have been made in different villages in the Malda District during the last 
two years, over 20,000 cuttings of Napier grass have been issued direct from Dacca, 
while district farms have started distributing cuttings to meet local demand. 

( 266 ) 



INVESTIGATIONS INTO VODDBB CROPS IN BENGAL. 


967 


Fodder Grots Investigated. 

Panioum maximum (Guinea grass)The Calcutta Pinjrapoles at Lilooah and 
Sodepur depend on Guinea grass as one of their prinoipal fodders. The Dairy 
Farm of the Khadi Pratisthan at Sodepur devotes about $ of its area to Guinea 
grass (vide Sir P. C. Roy’s article in the Calcutta Municipal Gazette, Sixth Anniver¬ 
sary Number, page 20). Messrs. Edw. Keventer & Co. grow about two acres of this 
grass and get an average of 1,600 mds. per acre per annum. The Sewage Farm at 
Dacca has a large area under Guinea grass. Guinea grass was introduced into 
Bengal by the Agri-Horticultural Society of India nearly half a century ago. Since 
then it has been cultivated at the Sibpur Civil Engineering College, where there 
were agricultural classes from 1898 till 1905, and at the Bengal Veterinary College 
at Belgachia. It was established on the Dacca Farm-in 1915. It has been grown 
at Lilooah on a commercial scale since 1927, and its expansion in the Districts of 
Malda and Nadia is of very recent origin. 

Pennisetum :—Pennisetum lyphoideum (bajra )—Japanese Millet—This was in¬ 
troduced from Manchuria through the Department of Agriculture, U. S. A., in 
1925-26. This is a variety of bajra of very quick growth, coming into flower within 
4-6 weeks of sowing, and grows to about 5-8 ft. in favourable circumstances. It 
is a very early catch-crop and prefers light soil. This is only equalled in its earli¬ 
ness by a bajra type received from Lyallpur, Punjab, and in yield by a selection of 
bajra from the Department of Agriculture in Madras, known as Camboo II. Camboo 
II grows well, and is a heavier yielder than the Lyallpur strain, but is about a week 
later in maturing than Japanese Millet. Japanese Millet and Camboo II give similar 
yields. Last year 11 mds. 37 srs. (about 950 lbs.) of seed of Japanese Millet was 
distributed from the private farm of the Maharaja of Cashimbazar, at Banjetia near 
Berhampur (Murshidabad). 

P. purpureum (Napier grass):—This was introduced from Peradeynia, Ceylon, 
in 1927. It tillers heavily, and it is very easily propagated from cuttings. 

In comparative tests on the Dacca Farm, without irrigation, Napier grass gave 
an outturn of 877$ mds. per aore of green feed up till 6th December, and Guinea 
grass a yield of 467$ mds. per aore during the same period. 

Napier grass grows quioker than Guinea grass. It is recommended by the 
Bengal Department of Agriculture, and has been distributed to oultivators. The 
Home Crofters Association—a co-operative organization started under the Anti- 
malarial Society, Calcutta, has taken 6,500 outtings this year, and the Ram Krishna 
Mission Home, near Birati, has grown it with great success and relies on it as the 
main cattle fodder. Over 10,000 outtings of this grass have been distributed to 
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different districts in the Province. The analysis, as given by the Oeylon Depart* 
ment of Agriculture, gives it a higher plaoe than Guinea grass in nutritive value. 

P. Merkerii (Merkers grass)This was introduced in July, 1930, from the 
Philippines. It looks very like Napier, but seeds more freely. The outturn appears 
to be as heavy as Napier grass, but the nutritive value as compared with the former 
has yet to be determined. 

P. oenohroides (Anjan grass)This was introduced from the Punjab, and 
grown in Dacoa, Berhampur, Nadia, Mainaguri and Rangpur Cattle Farm. The 
crop at Rangpur during 1927-28 was good, but it did not fulfil the promise it gave 
in the first year. It suits comparatively light soils, and makes a good hay, but it iB 
doubtful if it will adapt itself to heavy rainfall. 

P. clandestinum (Kikuiu grass)Cuttings were obtained from Peshawar and 
were grown both on cultivated land and on sod. The crop could not make head¬ 
way in the grass mixture of the locality, notwithstanding hard weeding, and even¬ 
tually died out.' It has been rejected as unsuitable. The graBS is more suitable for 
light rainfall tracts. 

Coix aqmtica (Ooix species)This is found wild in low Jheels in Bengal and 
was cultivated as a fodder on low land at the ChinBurah Farm, where transplanted 
paddy could not be grown. The yield in two cuttings, on an average of the two yeara 
1927-28 and 1928-29, was 332 mds. per acre per annum. It is a suitable fodder 
for marshy land or land which cannot be easily drained, yet which retains insuffi¬ 
cient water for transplanted paddy cropB. Coix Lachryma-Jobi {Adlay ), introduced 
from Ceylon, was tested as a highland crop against the above at the Chinsurah 
Farm, but proved unsuccessful. At Rangpur Cattle Farm it grew fairly well but 
was not relished by cattle. Adlay, moreover, is subjeot to attack by smut. * 

EucUoma mexicana (TeoBinto or rheana) :—This was tried on a large scale in 
the years 1927-28 and 1928-29. It gives a high yield but is later in maturing than 
maize, and requires more attention than juar. It yields heavily in soils rich in lime. 
In Chinsurah the yield has always been heavier than that of juar. In such soils 
cultivation of rheana can be recommended. The stem is very pithy, and is refused 
by cattle if the crop is allowed to mature. For thiB reason it is not recommended 
for siloing. It has yielded at Dacca 529 mdB., and at Chinsurah 523 mds. per acre. 

Tricholaena rosea (Natal grass)This was introduced through the Department 
of Agriculture, Washington, U. S. A., in 1924-25. It is a reedy grass with a slender 
stem and showy flowerbead. It stands drought much better than indigenous 
grasses and endures heavy cuttings and pasturing. It spreads automatically into 
adjacent grass-lands. In field-tests last year, it gave a yield of 221 mds. per acre 
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without irrigation, and up to December, 1930,259 mds. per acre have been cut, and 
another 70 mds. are expected before March. The nutritive value is not known, but 
it is very promising as a pasture grass. 

Zea Mays In 1927-28 a collection of maize types was made, and in compara¬ 
tive tests it was found that a few types of KaHmpong Maize and some of the silage 
corns from the Southern States of U. S. A. gave promising results. In further tests 
the American varieties gave higher outturns than Kalimpong types. The American 
ensilage maize yielded, in small-plot trials, an average of 861 md». per acre of green 
matter as against 732 mds. by local types. These tests will be continued for four 
successive seasons. 

Andropogon sp.:— Andropogon Sorghum, the common juar 

Work on juar has been concentrated on obtaining (1) early types for green 
feeding and (2) heavy yielding types suitable for silage making. Several early 
types have been selected and acclimatized, some of which oome to flower within 
46-59 days of sowing. Juar, obtained from the Punjab, was'the principal source 
of early maturing types. 

A heavy-yielding type has been isolated from Berhampur (Murshidabad) juar, 
and a still later type is being studied. 

Other species of Andropogon under investigation are Andropogon purpureo- 
serioeus, A. monticola, A. pertusus, A. annulalus and A.contortus. Amongst these, 
A. purpureosericeus is promising, but the stem is hard if it is allowed to fully 
mature, and as it is a shy seeder, it takeB a considerable time before extensive field- 
tests can be laid down. 

Holcus halepense or Andropogon halepense var. Sudan en sis :—Sudan Grass—A 
near relative to juar and Johnson grass, it was introduced in 1924-25 from the United 
States. A further consignment of seed was received later from Australia. It 
has proved popular in the Districts of Murshidabad and Nadia. Normally it does 
not require irrigation during the rabi season. It is an annual, suitable for both 
kharif and rabi seasons, particularly the latter. It gave an outturn of 250 
maunds per acre at the Sewage Farm, Dacca. 

Andropogon halepense or Sorghum halepense (Johnson Grass or Bhuroo) was 
obtained from the Punjab in 1928. 

This has a deep underground runner system, and in moist sandy loam soils 
where the water-table is high, it is a successful perennial pasture crop. It has 
largely replaced the obnoxious grasses growing by the side of a canal at the 
Rangpur Cattle Farm. The outturn obtained has been 250 maunds 36 seers per 
acre in the first year, and 294 maundB during the second year, 
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Oats (Avena saliva Linn.)Two varieties of fodder oats received from the 
Punjab (imported from England) have proved most successful from the point of 
view of fodder raised. These set seed in the hills but not in the plains, and present 
efforts are directed towards obtaining heavy fodder varieties whioh will seed in the 
plains. In this connection four other varieties as well as local types raised at 
Pusa are now being tested. 

We are also studying a large collection of grasses, e. g .— 

(a) CUoris Gayana, 

(b) Paspalum Commersonii, 

(c) Paspalum dilalatum , 

(d) Panicum mulicum, 

(e) Panioum abymnica, 

(f) Teff grass (Setaria sp.) 

and various other grasses introduced from Australia, the United States of 
America and the Union of South Africa. None of these^has been studied long enough 
to justify conclusions, but Pamoum abyssinioa shows some promise, being one of the 
few grasses which has good leaf surface and has stood inferior moisture conditions 
at Dacca. This grass is now being tested on a field-scale. 

The following grasses are also being studiedTwo local grasses, one collected 
from Chittagong Hill TractB and the other from the Char lands of the Buri Ganga, 
Dacca, in July 1930, seem very similar in vegetative characters to Napier grass. 
They have not flowered so far and have yet to be identified. Both are soft and 
tiller well, with stems somewhat thicker than those of P. purpureum and P. Merkeni. 

Leguminous crops:—Cenlrosbna pubescense, introduced from Java, is very 
promising. It is a very good soil-binder, making its full growth in the second year. 
It prefers a well-drained light soil and can stand drought, but the leaf surface is 
rather small. 

Centrosema japonioa, introduced from Peradeynia in 1928, has a greater leaf sur¬ 
face, but is not so long-lived as the former; also it seeds very sparsely. 

Calopogontvm muountndes: —The seed was obtained from Peradeynia, Ceylon. It 
is an annual and covers the soil very rapidly, but dies off during the dry months. 
The pods when mature are hairy; so that it be fed to oattle whilst the pods ate 
still green. 

Vtgna Sp.—P. digospema a creeper indigenous to Java, with a small leafy 
surface, perennial in habit, grown at the Dacca Farm during the last three years, 
seeded very sparsely and has been rejected. 
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V. Caliang Several American types of cowpea 1 ave been introduced, viz., New 
Era, Iron, Brabham, “ Whip-poor-will" and Groit. “Whip-poor-will ” as obtained 
was mixed, and several new types have been isolated. Of these one with black 
seed is the earliest, coming to flower in the rabi season within 40 days of sowing. 
Even in adverse conditions it is ready for feeding within two months. Generally 
they do not appear to be suitable as rabi crops, north of 24° latitude, but the 
American strain “ Groit ” is an exception and holds considerable promise in this 
respect. 

Further selection, both of local and imported types, is being made. 

Phmseolm liitviardimu -The moysham kalai from Darjeeling and sabai kalai 
from Hill Tippers are being studied. At llangpor. inayshiam kalai yields a heavier 
crop, but the period of growth is longer than that of cowpea as it prefers a cooler 
climate. There are various types of P. Rkciardianns which vary in the size 
and colour of seed and the habit of the plant and in the length of growing period. 
Several pure lines have been isolated and are being examined and seed will be 
multiplied to enable more extensive tests being undertaken. 

Mi/cuna sp.- -Velvet beans introduced from the United States, Mauritius beans 
from Australia, and the local Torn-kola mn and Bind sim or Banaralla have been 
under test. Some of the types found have yet to be identified. 

The beans have been grown both as a rabi and as a kharif crop. Tom-kola sim 
grows well under field conditions, yielding a heavier crop than either cowpea or 
mayshiam kalai, though it is somewhat coarse. The nutritive value of Toru-kola 
sim as well as those of velvet beans at different stages of growth, have still to be 
determined. 

Mi/cuna jtrvricns (Riralsim) promises to be a good fodder crop, as it lias heavy 
foliage. The pods, when mature, are covered with irritating hairs, so the crop 
must be cut when in flower. 

(Alystcarpus rnyosns ):—This grows well under Dacca conditions, aud the stems 
remain quite soft even in plants three to four feet high. 

Go aura (Vyamopsis psoraloides ):—This cannot compete with cowpea in the 
rains, and does not mature unless irrigated in the winter season. 

Lucerne (Medieago salim )This has been subjected to prolonged trial at Dacca 
and Rangpur but so far has not been successful, in spite of inoculation of plots 
with soil from up-country. 

Doliohos Lablab A field variety, introduced from Bombay, was tried as a 
kharif crop and showed promise in the first year. 


2o 
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Vetches (Vicia saliva) :— Two indigenous vetches gave a poor outturn and were 
rejected, vetches from Oregon and Russia, and two Australian species are under 
test. 

Melilotus alba and M. indica do not thrive in the Dacca Farm Boil, neither does 
Trigondla sp., Melilotus aba suits Char lands ( silt recently deposited by big rivers) 
but it was rejected, as it gave very little green matter. Hubam clover or Sweet 
clover, introduced from the United States of America, was also found unsuitable. 

Hehanthus annuus : —Russian Mammoth Sun-flower was tried as a rabi crop in 
the Berhampore and Rajshahi farms. It does not thrive as kharif crop, but is 
successful in the rabi tracts where there is sufficient moisture. Cattle dislike 
silage made from sun-flower alone, but.accept it readily when mixed with maize or 
jmr. The yield is considerably less than that of either maize or juar and further 
cultivation has been discontinued. 

Fodder Peas-(Pisum sativum ):—Two Australian peas were introduced this year, 
-and will be tested against other imported and local field peas. 

The cultural or botanical work on fodder crops must be incomplete unless it is 
supplemented by nutritive tests which would tend to save unnecessary work in 
selection and breeding with undesirable or inferior crops. At present the only 
faotors which oan be taken into account are yield and palatability. The cultivation 
of high-yielding crops of low nutritive value is uneconomic, the soil being unneces¬ 
sarily impoverished, and the energy of the stock fed is taken up in digesting 
fibrous matter. 


Outturn of Guinea vs. Napier , Sewage Farm , Dacca. 


Guinea Grass 


No. 

of 

plot 

' 

Area of 
eaoh 
plot 
aores 

No. of 

cuttings 

taken 

No. of 
days from 
1st to 
last 
ontting 


Yield per 
acre in 
mds. of 
82 lbs. 

Yield per 
acre in 
tons 

Remarks 

I 

0*94 

6 

365 

2901 

m 

113*4 

5th year’s harvest and 
highland. 

2 

1*15 

8 

343 

1958 

1702 

62*5 

3rd year’s harvest. 
Medium high land. 

3 

0*S3 

5 

312 

1158 

1398 

51*3 

3rd year’s harvest. 


Aveng* Yield 

• 

• • 

• • 

« • 

. . 7*4 
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Napier GraM 


No. 

of 

plot 

Area of 
each 
plot 
«cres 

No. of 
eutthigs 
taken 

No. of 
days from 
1st to 
last 

cuttings 

Yield per 
sore In 
mds. of 
82 lbs. 

Yield per 
aore in 
mds. of 
_82 lbs. 

Yield per 
aore In 
tons 

Remarks 

1 

0*29 

5 

237 

520 

1703 

65*9 

let year’s harvest. 

2 

0*20 

5 

243 

433 

2165 

79*5 

Ditto. 

2 

005 

6 

347 

247 

4040 

181*9 

2nd year’s harvest. 


Average Yield.. 109*1 

Yield per acre in favour of Napier.23*7. 46 per oent. 


2 o 2 




















HOW MANY TIMES WILD PIGS BREED IN ONE YEAR ? 


BY 

DAMODAR M. DAMLE, B.A., LL.B. 

This is a short article giving data collected by the writer on a subject which 
has not received much study or consideration in India ; the writer therefore ven¬ 
tures to put forward his data, with a view that the subject may be fully discussed 
by the readers of this Journal. The Board of Agriculture has passed resolutions 
recommending special appointments for studying the habits, weak points and other 
details about wild pigs: the Bombay Government Committee on Wild Animals 
(1923) also ihade similar recommendations for an intensive study of habits of wild 
pigs. The writer gives below the data collected by him, and begs to say with 
emphasis that the study should be taken up at once in the interests of Indian 
agricultural development. The writer is closely connected with cultivation, and has 
studied the subject of crop protection on his farms which are situated near govern¬ 
ment forest reserves. He has been carrying out wild animal destruction campaigns, 
and has carefully tried to collect all available details about wild pigs and other 
animals destroying crops in his fields. The writer therefore gives his experience and 
invites opinions and information to confirm or disprove his theory that wild pigs 
breed only once a year. The writer bases his theory on his killing of 130 wild 
pigs in last summer and his observation of the dissected bodies of sows in his camp¬ 
aign. He saw that not even one sow out of the 48 sows shot and trapped by his 
party was either pregnant or accompanied by piglings of less than 4 to 6 months old 
in April, May and June 1930. Some more pigs were shot by servants of thq writer 
in September and October 1930, and two of the sows contained well-developed 
foetus. The writer bases his observation on more than 50 sows, and says that 
wild pigs breed only once a year and not more. In the course of a campaign 
carried out for three months in government forest under a special permit from the 
C. P. Forest Department, he came across grown-up piglings of at least 6 to 8 
months’ growth in the summer of 1930 : smaller young ones were never met with 
going with grown-up sows. He therefore asked Mr. Bhide, Officer in charge, Pig 
Campaigns (of Bombay Agricultural Department), his opinion on this point. Mr. 
Bjhide has been doing work of pig destruction in their own habitat for a pretty long 
time, and his opinion deserves consideration. He is confident from his observation 
that wild pigs breed only once a year : he says that the assumption that there are 
two breeds in a year seems to be based on the fact that in a herd of two sows and 
one male, they are oovered in different months, and sq there is apparent differ* 
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ence of about 2 months in the age of piglings. This fact may be the explanation 
according to Mr. Bhide of the impression that there are two broods in a year, pig¬ 
lings of different sizes being seen in the same herd. The writer also sought the 
experience of Bisson Pardhie, the leader of the gang of Pardhies, working with traps 
in the writer’s campaign. This mpn with a life-long experience of wild game of all 
sorts has grown grey in his calling of trapping wild animals and must have killed 
over 200 wild pigs at the lowest computation. Bisson was of the clear opinion that 
wild pigs breed only once a year in September-October in this part of the country. 
The Pardhie leader told the writer that solitary males mix with sows and herds in 
May-June and gestation then commences. The writer therefore bases this theory 
on the above opinions of Bisson Pardhie and Mr. Bhide and his personal observation. 
It seems that in various zoological gardens in India wild pigs breed twice or more : 
no tv*o opinions about breeding of wild pigs in state of captivity agree, and it is 
doubtful if this observation as regards artificial conditions would hold true in 
the natural habitat of wild pigs. 

I 

The opinion and experience of Mr. Bhide, Pig Killing Officer of the Bombay 
Agricultural Department, was ascertained by personal communication by the writer. 

It will thus be seen that observation of breeding of wild pigs in natural habitat 
agrees on the point of their breeding only once a year, whereas opinions from 
different parts of India show great divergence on this point of breeding of the same 
in captivity. The writer is inclined to think that, in the wild state, pigs breed only 
once a year and not moie, the season of breeding being different in different parts 
of the country, depending on climate or other environments. Mr. Bhide has observed 
that on Prawara Canals he found pigs carrying young in April in his wild pig 
campaigns ; but on God a Canals and in Jungle Tracts the usual time of pregnancy 
of wild pigs was observed by him to be July-August-September-October. Mr. 
Bhide could not find sows indicating pregnancy in June on Goda Canals and Jungle 
Tracts worked by him. Thus the close observation of Messrs. Bhide and Bisson 
Pardhie who have been studying wild pigs in their habitat for a long time and 
experience of the writer of more than 150 wild pigs killed off and on in the course 
of one year and his observation of their habits go to show that wild pigs breed 
only once and not more in India. The writer begs to invite criticism on this 
theory : by way of explanation to wild pigs breeding more than once in captivity, 
he begs to say that there is a well-known biological principle that in captivity 
sexual activity is markedly more than in free condition. This fact may account 
for different observers recording wild pigs in captivity breeding twice or more. 



HOW TO INCREASE THE YIELD OF RICE IN THE KONKAN * 

BY 

V. V. GADGIL, B. Aa., 

Deputy Director of Agriculture, Konkan, Bombay Presidency. 

The Konkan Division of the Bombay Presidency consists of four districts, viz., 
Thana (including the Bombay Suburban area), Kolaba, Ratnagiri and Kanara. The 
geographical position of this Division is very peculiar as it consists of a long, narrow 
strip between the Sahyadri mountains and the Arabian Sea. Dnlike the Deccan 
the soil of this Division is not so retentive and fertile, and the scope of agricultural 
improvement is extremely limited on account of the small uneconomic holdings on 
the slopes of the ranges. In the northern parts of the Thana and Kolaba Dis¬ 
tricts the soils are chiefly derived from the trap rock, while the Ratnagiri and 
Kanara soils are derived from laterite and granite rocks. It would appear at a 
glance that this Division is in a very fortunate position as regards assured 
rainfall which vary from 75 inches in the northern part of the Thana to 150 inches 
in the southern portion of the Kanara District. All this rain, however, falls in 
three or four months from June to October, and from the month of November to 
the end of May very little rain is received. 

The paddy crop is one of the most important crops in the Konkan as it occupies 
more than 10 lacs of acreB, or nearly half the area under Tice in the whole of Bombay 
Presidency. Although the area under rice is fairly large, the outturn of rice cannot 
be favourably compared with the leading rice-growing parts of India or df the 
foreign countries. One of the most striking features of rice in the Konkan is the 
comparatively low outturn per acre as compared with the rice-growing countries in 
the world. When Spain can produce 5,000 lbs .per acre, Italy 3,300 lbs., the average 
yield of the Konkan Division is only 1,100 lbs. The causes of such a low yield 
are too many and in some cases out of control. But from the experience gained so 
far it may be said with certainty that the present low yield of rice can be increased 
by 50 per cent, by adopting judicious methods of cultivation which are the net re¬ 
sults of the application of intensive scientific methods to study the rice plant. 

On account of the important position held by the paddy crop in the Konkan, the, 
subject of rice improvement forms the main theme of work of the Bombay Agri¬ 
cultural Department in this Division. The Department at present possesses a few 
farms in the representative tracts of the Konkan at Karjat, Ratnagiri and Kumta. 

* Paper read at the Agriculture 8ection of the Indian Science Oongreas, Nagger, January 1831. 
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The research in rice crop is being done in this Division in two direotionB for the 
last decade, viz., (1) by increasing the yield of rice by evolution of high-yielding 
varieties and (2) by cultural methods, such as, manuring, tillage, etc. It is a well- 
known fact that the soil and climatic conditions vary very widely in all the different 
tracts of the four districts and, as a result, the cultivator had to choose a variety 
suitable to this tract. The land can be broadly classified into upland, low land and 
intermediate according to its situations, and in every locality three different 
varieties of rice are generally found to suit the requirements of the above mentioned 
types of soils. Further the variety is required to be changed according to the 
condition of rainfall, retentiveness and physical properties of the Boil, and thns one 
can observe more than three hundred varieties of rice cultivated in this Division, 
and this fact will also give an idea of the difficulties in the introduction of improved 
varieties in the Konkan. Another striking factor marked in this Division iB that the 
yield of graiu in Ratnagiri comes to 1,200 and that of Kanara comes to 1,000 lbs. 
per acre. On the other hand, the percentage of straw is found exactly in the in¬ 
verse ratio. If the percentage of straw in Thana and Kolaba Districts is 80 per 
cent, of the total quantity of grain, the proportion of straw in Kanara District is 
nearly 160 per cent, of the grain. As a matter of fact, the soils of Kanara receive 
a large amount of leaf mould and a heavy rainfall, while in Thana and Kolaba 
Districts very little bulky manure is added to the soil. With regard to the rainfall 
the Kanara District is far better situated than the northern part of the Konkan. 
Why therefore the yield of Kanara soils should be lower than that of Thana and 
Kolaba 1 

The rice crop Bhows remarkable variation in the ratio of grain to straw under 
different conditions, and the variation caused by the relatively higher weight of 
Btraw when compared with grain is called unbalanced growth. One of the .reasons 
for such a heavy weight of straw is the excessive manuring with nitrogenous Btuff 
stimulating the vegetative growth without increasing the weight of grain. Other 
causes which bring this heavy yield of straw may be due to the quality of the soil 
as well as inheritant character of the particular varieties of rice. Deficiency of 
soil moisture, close spacing and lodging may also bring the unbalanced growth. 

With regard to the soil, it has been already stated that the trap soils of Thana 
and Kolaba are fairly rich in potash and phosphoric acid and they are deficient only 
in nitrogen. This is why only nitrogenous manure, such as sulphate of ammonia, is 
found more effective for rice crop in trap soil. On the other hand, the laterite and 
granite soil of Ratnagiri and Kanara are both deficient in phosphoric acid as well as 
nitrogen, and hence a combination of nitrogenous as well as phosphatic manure 
respond fairly well in these soils. Further it should be observed that trap soils are 
more or less alkaline, while Kanara soils are acidic in quality. 
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With regard to the varieties existing in this Division, a marked difference is seen 
between the varieties grown in Thana and Kanara Districts. In the Thana and 
Kolaba Districts people prefer soft white rice called Jcohmba, having a higher per¬ 
centage of starch, while in Kanara there is a tendency to select a parboiled glutinous 
rioe, which is very hard for digestion and requires boiling before hulling. It is not 
known why the people prefer ooarse rice in Kanara when they can produce a better 
quality of table rice. If a cultivator is really anxious to increase the yield of rice, 
he must choose his liking for a finer quality of rice. 

The methods of tillage are also adopted according to the conditions of soils and 
the variety of rice selected. In the north Konkan, 30 lbs. of seed grown on four or 
five gunthas of rah is quite enough to produce seedlings sufficient to transplant one 
acre of land, while in the south, as much as 80 lbs. of seeds grown on 16 gunthas of 
rah is required for transplanting one acre. It should be mentioned that the number of 
grains per lb. is far greater in the case of kolamba rice than that of Halga paddy of 
Kanara, and this will partly account for higher seed-rate in these soils. Sowing, 
broadcasting and transplanting are the common methods adopted in different 
tracts according to the condition of rainfall and the soil, and they are also respon¬ 
sible for the higher or lower yield of the different tracts. 

Up till now the Agricultural Department has concentrated its attention for the 
breeding of different varieties of rice suitable to the different tracts, and so far they 
have evolved half a dozen varieties for trap soils, viz., Kolamba Nos. 42, 226. 412, 
79, 184, 401, etc., which bring 20 to 30 per cent, increased yield over the local 
variety. Extensive trials of manurial experiments on rice crop at Karjat have 
been also conducted, and it has been proved that the addition of 300 lbs. of sulphate 
of ammonia given in two or three doses would increase yield of grain by 30 .to 40 
per cent, over the no manure plot, and if the selection of the new strain as well as 
the manuring with sulphate of ammonia be adopted, a cultivator is sure to get 50 per 
cent, more outturn over his local variety. But in the case of Ratnagiri and Kanara 
the problem of reducing the yield of straw and increasing the yield of grain has not 
been tackled as yet. So far the work of the Agricultural Department is restricted 
to the selection of high-yielding strain, but unless the percentage of straw is de¬ 
creased it is doubtful whether the yield of grain can compete with the high yield 
of Thana and Kolaba Districts. I, therefore, think that crosses between the 
kolamba varieties of Kolaba and vaksal and varangd varieties of Ratnagiri and a 
few promising varieties of Kanara should be freely made so that we may come across 
a strain which would suit the soil conditions of Ratnagiri and Kanara, as the per¬ 
centage of straw is low in kolamba variety and that this character will be found in 
some of the new crosses and percentage of grain will be increased. Similarly the 
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mammal experiments in laterite and granite soil should be conducted altogether 
on different bases which would result in the reduction of straw and increase in 
grain. 

The yield of grain in rice per unit area is the product of a number of earheads 
in that area and the weight of each earhead. Thus these two factors constitute 
towards the final yield. It is therefore desirable to study how these two factors 
behave under different conditions of environment, and thus to find out the causes 
of low yield. 

The effects of various environments, such as age of seedling at transplanting, the 
number of seedlings to be planted per bunch, strength of seedlings, spacing, methods 
of cultivation, effects of various manures, time of application of the manure, water 
requirements, etc., are required to be studied in different tracts of Ratnagiri and 
Kanara for increasing the yield of rice. From the experiments conducted on the 
trap soils of Karjat, sulphate of ammonia has been found to be the cheapest and 
more economical, and a maximum yield up to 4,10) lbs. has been obtained with 
the addition of 3Q0 lbs. of sulphate of ammonia per acre. This dose, however, 
is considered to be beyond the means of ordinary cultivators, and efforts are now 
made to reduce this dose to 200 lbs. of sulphate of ammonia. But as stated above, 
an intensive study of the effect of manure in laterite and granite soils is absolutely 
necessary if the yield of rice is to be increased. 

In stiff black soils of the Thana District there is a system of double transplant¬ 
ing and also to cut one-third the growth of the rice crop in the month of September, 
which results in increasing the number of tillers and earheads. These methods are 
also worth trying in Kanara to check the excessive leafy growth. Another method 
of reducing the yield of straw is by means of proper spacing of the bunches which 
would automatically reduce the seed-rate. The cultivators are in the habit of 
transplanting the seedlings at 4" to 5", but if this distance be doubled, there will 
be ample scope for the development of the plant and grain formation. Another 
method of increasing the yield of Kanara soil is the introduction of manuring with 
green leaves instead of dry ones which are generally collected from the 
droppings of the forest. Experiments conducted in this direction at Kumta Farm 
tend to show that if an equal quantity of green leaves (4,000 lbs. per acre) be added 
to the soil, the yield is increased by 100 per cent, over the plot of dry leaves or 
farmyard manure, and this method is worth introducing on wider scale in Kanara, 
which oontains more than 90 per cent, of the forest area out of the total. 
There is a system of allotting nine acres of Bella land (forest allotted for remo\ - 
ing green leaves and loppings) for one acre of species and safari garden, and il 
similar arrangement be made for the supply of green leaves to the rice fields, 
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it mil surely increase the yield of rice. It is worthy to note that the percentage 
of straw to grain does not increase beyond 120 per cent, in the case of plots 
manured with green leaves as compared with farmyard manure plots. In this 
connection it has been observed that some of the quick growing species like 
Galatropis gigantia, Erythria indioa, Tephrosia Candida, etc., produce abundant 
supply of green leaves and respond very favourably when applied to the rice crop. 
The yield of rice is still further increased if the green leaves are supplemented with 
two cwts. of bone-meal, and a maximum yield of 4,250 lbs. of grain had been 
recorded as the result of the combination of thiB manure. 

Another important factor for consideration of the rice produce is its percent¬ 
age of kernel to husk. In some varieties nearly 50 per cent, kernels are 
received from the unhusked rice, while in some varieties this percentage is as 
high as 65 per cent. In the market a merchant always takes into consideration 
this percentage of kernel while offering the price for rice. The quality of seed 
must also be given due importance as there is a lot of difference in the prices 
of the seed of the best quality compared to the price of the coarser types 
of rice. 

If all the above methods be brought into action, it is quite likely that the 
average yield of rice can be increased by 60 per cent, although further research is 
required to compete with the high-yielding strains of western countries. In the 
Konkan the total produce grown in the tract is hardly sufficient for five months’ 
consumption, and for the remaining period people are required to import rice 
from other Presidencies, especially from Burma, and if the produce be increased 
by scientific methods, it will supply additional food at least for a couple of 
months. This is really a national gain which cannot be neglected any longer. 
In my opinion this subject requires more research conducted in different rice¬ 
growing tracts of the Konkan, and if the importance of the problem be brought 
to the notice of the Imperial Research Council, it is hoped that the Council 
may sanction the required amount for this research. Similar amounts have 
been sanctioned for rice research in other Presidencies, and it is not known why 
the Bombay Presidency should lag behind. 

To summarize the whole note, I may draw the attention of the authorities to 
the following points:— 

(1) The average yield of rice in the Konkan is very low when compared with 
the other rice-growing tracts of India and western countries. 

(2) How to increase thiB yield is a great problem which has been partly solved 
for trap soils by breeding high-yielding strains and manorial experiments at 
Karjat. 
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(3) By the judicious method of the selection of new strains and manuring, the 
yield can be increased by 50 per cent, in Thana and Kolaba Districts. 

(4) So far such a high-yielding strain has not been found in the southern parts 
of the Konkan where the soil and climatic conditions differ. 

* (5) The yield of rice gradually decreases as we go from north to south. 

(6) On the contrary, the percentage of straw is inversely increased when we 
compare the yield of rice in the north and south. 

(7) How to check this unbalanced growth in the south is a great problem 
which is likely to be solved (1) by crossing rice varieties of north and south, (2) 
by radical changes in manuring which require special research, (3) by wider 
spacing of transplanted rice, (4) by the addition of green leaves instead of dry 
ones or farmyard manure and (5) by double transplanting, etc., etc. 

(8) The percentage of kernel to husk and the quality of seed should be taken 
into consideration while evolving the new strains of rice. 

(9) It is not known why the people of Kanara prefer parboiled and glutinous 
rice when table rice like kolamba can be grown in the tract. 

(10) This problem really requires highly scientific research stations located 
in all the rice-growing tracts, which is only possible with the help of the Imperial 
Research Council. 



A PRELIMINARY NOTE ON THE OCCURRENCE OP SEPALOIDY 
AND STERILITY IN TIL (SESAMUM INDICUM)* 

by 

SAILESH CHANDRA ROY, M.So., B.Sc., Agri. (Long.), Dip. Agw. (Wye.), 
Professor of Botany, Agricultural College, Caimpore. 


Introduction. 

Sesamum indicum is an important oil-seed crop grown all over India, either 
pure or mixed. It has invited special attention as the source of most of the 
sweet oil used in India and owes its agricultural importance to this fact. Howard 
started a preliminary investigation into the crop in 1909, and in the following year 
he raised a number of cultures of til at Pusa and described the morphological 
differences between the types. Later again in 1919 he published an account of the 
method of pollination in this crop. For the last few years pure-line selection in til 
has been going on at the Botanical Area at Pusa. For this purpose, seed, in the 
first instance, had to be obtained from the different parts of Tndia and grown at 
Pusa, thus enabling the raising of single plant cultures from the different types of 
plants obtained from the original seed. In 1926 the crop was characterized by the 
regular occurrence of a large number of plants bearing sepaloid flowers. On closer 
examination it was observed that sterility was intimately associated with sepaloidy 
in these flowers. This fact made the matter interesting from an economic point of 
view. A very large number of plants bearing sepaloid flowers meant a high per¬ 
centage of sterility in the crop, and therefore ultimately a net loss to the grower. 
It was therefore decided to study the morphology of these sepaloid flowers, this 
study being only a preliminary to a closer investigation into the factors leading up 
to sterility in the crop; the observations on the subject are not to be considered as 
complete. They are, however, reproduced here for what they are worth. 

Observations. 

The normal inflorescence of til is a lax raceme, bearing the flowers singly or in 
twos and threes in the axils of the bracts. The flowers have very short pedicels, 
and are borne in acropetal succession on both the main shoot and the branches. 
The sepaloid inflorescence, on the other hand, has a large number of flowers 


* Paper read at the Agriculture Section of the Indian Soienoe Oongrees, Nagpur, January 1081. 
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crowded together closely on the stem and the branches. The flowers are borne in 
aoropetal succession. Generally a single flower comes out in the axil of a leaf 
and when this flower has grown for some time, two smaller ones come out at 
its two sides. This arrangement is seen in the inflorescences bearing the 
actinomorphic sepaloid flower. The zygomorphic scpaloid flowers have an 
arrangement very similar to that of the flowers in a normal inflorescence. In the 
inflorescences bearing the sepaloid flowers the bracts often become very bioad 
and quite unlike the ordinary bracts. A plant may have sepaloid flowers only, or 
there may be branches on it which bear the norma] and the partly sepaloid flowers 
also. The dense over-crowding of the flowers and their complete greenness make it 
an easy matter to distinguish the sepaloid inflorescence from the normal one. 

The floral types of til may be divided as follows 

1. Petaloid or normal flowers. These are always zygomorphic. 

2. Sepaloid flowers. Under this head there may be two divisions- 

(«) Actinomorphic ( b ) Zygomorphic. (Similar in shape to the normal 
flower.) 

3. Partially sepaloid flowers. These are zygomorphic and the colour of 

their corolla is pink with green washes of various degrees. 

The Actinomorphic Sepaloid Flowers. 

These are almost regular in shape. The sepals are five in number and are quite 
free. The corolla is gamopetalous and lias five distinct lobes. The corolla tube is 
formed by the fusion of the leaf-like corolla lobes. The corolla tube varies in length 
bttween 5 to 10 mms. but it may be smaller in the very tiny floWers. The size of 
the flowers may also vary from little ones of 4 to 5 mms. to those of 30 mms. or 
more in length. The veins of all the floral parts are very thick and prominent, and 
the portion of the tissue between the veinlets is raised into tufts. The stamens are 
five in numbei and are almost atrophied. They are seldom, if ever, functional in 
the truly sepaloid flowers. The anthers are generally reflexed. The carpelB are 
represented by two leaf-like outgrowths, which fuse together at their margins and 
thus form a pseudo syncarpous ovary. The appearance of this false ovary is like 
that of a pouch formed by the fusion of two leaves. The veins are very prominent. 
The false stigma are the tips of the two leaf-like carpels. In the older flowers 
these spread out like two open leaves. In some cases the two leaf-like structures 
fuse only to a short distance from their bases, and in place of the ovary one finds 
two bract-like structures coming out of the corolla tube. A section of this false 
ovary, both in the actinomorphic and in the zygomorphic sepaloid flowers, shows 
that instead of the ovules there are small petiole-like outgrowths with distinctly 
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green apioes. These afterwards grow on and give rise to small shoots ooming out 
of the false ovary. These shoots in their turn bear more leaves and later on 
flowers. Thus it seems that the flower pedicel has an unlimited growth. 

Zygomorphic Flowers. 

In these also the sepals are five in number and are entirely free. The gamo- 
sepalous corolla has five distinct lobes and is irregular in shape. The corolla tube 
is cylindrical up to a certain length (which varies in different flowers), after which 
it gradually expands and assumes the familiar shape of the normal petaloid flower, 
though the extension of the lower lip, which marks out the ordinary flower of til, 
is not present in these. The anthers are basifixed. The filaments are colourless, 
but the anthers have a greenish tinge on them. A transverse section of the anther 
shows a few pollen grains in each locule. But the greater portion of the anther 
sacs is filled up with vegetative tissue. The few pollen grains present are distorted, 
and, as the anthers have not been seen to dehisce, they are perhaps not functional. 
The ovary is bilocular, and in transverse section two small outgrowths are seen in 
each locule. These arise from an axile placenta and are the primordia of the 
leaves, which afterwards grow on the shoot coming out of the ovary. This further 
development of the flower, giving rise to a shoot-bearing leaves, was noticed only 
in a few cases in the irregular flowers, whereas it was the general rule in the ease 
of the actinomorphic sepaloid flowero. 

Partially Sepaloid Flowers. 

In these the normal corolla has greenish splashes on it. The distribution of 
the green colour varies much in different flowers. 

Thus in the place of the normal structures of an ordinary flower, one finds in 
these sepaloid flowers, structures that ultimately grow out into leaves. The two 
knob-like outgrowths, reaching the walls of the false ovary, sometimes lead one 
to think that the ovary is tetralocular. It is in fact bilocular and thus differs 
from the ovary of a normal flower, which has generally four loonies bearing the 
seeds in four longitudinal series. Another feature in a section of the false ovary 
of these sepaloid flowers is interesting. Instead of the usual inner wall seen in a 
section of the ovary of a normal flower, a section of the false ovary in these sepal¬ 
oid flowers shows hairs and multicellular glands developing from the inner wall 
of the ovary. The Beptum separating the two locules of a normal ovary is thin 
on account of the siise and the pressure of the ovules. But in a section of the 
fake ovary the septum is seen to be very thick beoause of the entire absenoe 
of the ovules. In sections, the leaf-like wall of the false ovary shows oehs con¬ 
taining chloroplasts. 
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0ON0LD8ION. 

From the preceding observations it will be seen that sepaloidv in til is a 
malformation intimately connected with sterility. The absence of good pollen and 
the non-dehisoenoe of the anthers on the one hand, and the complete absence of 
ovules on the other, make it absolutely impossible for the sepaloid flowers to form 
seed. The plants having these abnormal flowers on them are thus unable to 
reproduce under any circumstance. The type of sterility, therefore, is of the nature 
of impotence. As to the cause of the occurrence of such malformations in the 
flowers, leading to sterility, nothing can at the moment be said definitely. A 
large amount of valuable work has previously been done in the investigation of 
the different types of sterility. Dorsy [1914] in his paper gives a very interesting 
account of sterility in the common grape, and in that connection sums up all the 
important literature on the subject up to the date of the issue of his paper. With¬ 
out going into the details of the various theories as to the cause of sterility, it may 
be Baid that the factors causing sterility are very complex and undoubtedly vari¬ 
able. The investigation of the factors causing sterility in til is still in progress. 
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THE BEARING OF THE ALPHONSO MANGO IN THE KON- 
KAN AND SOME METHODS OF REGULATING THE SAME * 

BY 

P. V. WAGLE, M. Ag., 

Mungo Investigator, Hatnugiri Farm, Bombay Department of Agriculture. 

The Alphonso ia one of the Bhy-bearing varieties of mango grown in the 
Bombay Presidency but, on account of the excellent quality of the fruit, it is most 
popular in the market and hence ia faBt spreading in the hilly tract of the Konkan. 
The absolute freedom of the fruit from fibre, the fairly big size, the beautiful 
and attractive colour, agreeable flavour and. above all, the good keeping quality 
have won for it a reputation which is second to none. The only drawback in this 
variety is its low-bearing, and since the attention of the Agricultural Department 
has been drawn to this important defect, several lines of increasing the yield have 
been under investigation. In the present note, however, regulation of bearing by 
artificial methods, which forms one of the lines in question, will be discussed. A 
full idea of the bearing of this variety may be gathered by a close examination of 
the yield of a garden located at Ratnagiri, the centre of mango cultivation, during 
four successive years, 1927 to 1930. 

The Alphonso garden which we are going to study is situated almost on 
level ground at the foot of a small hill and is roughly a square with Bides nearly 
400 ft. in length. It is about a mile away from the sea coast and has 80 trees, 
nearly 30 years of age. The trees in the garden can be roughly divided into two 
somewhat distinct portions, the lower one with trees planted wide apart and 
the upper one with trees crowded together. The area of the lower portion is 
roughly 1,13,200 sq. ft., and there being 41 trees growing on this ground, the 
area per tree is about 2,761 sq. ft. The upper portion with its area of 46,800 
Bq. ft. grows 39 trees, each of which has an area of 1,200 sq. ft. 

MoBt of the Alphonso mangoes do not bear every year in the Konkan. They 
usually bear in alternate years but trees bearing once in 3 or 4 years are not un¬ 
common. Trees bearing year after year are very rarely found. An analysis of 
the four years’ bearing of the 80 trees in the garden under observation shows— 

3 trees bearing in all the four years, 

11 trees bearing in three out of four years, 


* Paper read at the Agriouiture Seotion of the Indian Science Congress, Nagpur, January 1031. 
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34 trees bearing in two oat of four years, 

24 trees bearing in one out of four years, 

and 8 trees not bearing in all the four years (Total 80). 

Nora.—Trees bearing less than 25 fruits hare not been taken into consideration. 

It will thus be seen that the largest number is of trees bearing in alternate 
years. The actual number of fruits borne by the trees oan be seen from the fol¬ 
lowing table. 


Year 

No. of trees 
flowering 
out the total 
of 80 

No. of fruits 
borne 

Average No. 
of fruits 
per tree 

Average No. 

of fruits 
per bearing 
tree 

1927 .... 

40 

8,511 

106 

213 

1928 .... 

30 

6,201 

78 

207 

1929 .... 

38 

5,999 

74 

158 

1930 .... 

29 

6,339 

79 

219 


Thus, the average yield per bearing tree, 30 years of age, is about 200 fruits. 
The bearing, however, is considerably affected by the spacing allowed to the trees. 
A very good opportunity of studying the effect of increased spaoing on fruiting is 
afforded by the two blocks of trees in the garden, one with crowded trees and 
the other with trees spaced wide apart. The trees could be arranged as follows 
acoording to their bearing:— 


— 

Crowded 

block 

Widely 

spaced 

block 

Trees bearing in all the four years ... ... 

2 

1 

tt „ three out of four years. 

5 

6 

99 99 tWO ,, ..•••• 

10 

24 

9$ », one ,i p, ••••«. 

14 

10 

„ not bearing in all tl e four years. 

8 

•. 

Total 

39 

41 


It is evident from these figures that when trees are crowded together they tend 
to become less productive. This seems to be due to want of sufficient sunshine 
and proper circulation of air. The trees are, however, very vigorous in growth. The 
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actual yield of these tiees is also considerably reduced as is shown by the accom¬ 
panying figures. 


Year 

Crowded block 

Widely spaced block 

No. of trees 
flowering- 
out of 
the total 
of 39 

No. of fruits 
borne 

Average 
No. of fruits 
per bearing 
tree 

No. of trees 
flowering- 
out of 
the total 
of 41 

No. of fruits 
borne 

Average 
No. of fruit* 
per bearing 
tree 

1927 

14 

■ 

2453 

175 

26 

6008 

233 

1928 

13 

1611 

124 

17 

4590 

270 

1929 


2070 

129 

22 

3929 

179 

1930 

1 14 

1980 

141 

15 

4359 

291 

Average 

• • 

•• 

142 

•• 

•• 

243 


Thus the outturn of crowded frees is considerably lessened, both on account of 
the reduced frequency of bearing and the lower yielding capacity of the trees. 

The bearing of the mango is considerably affected by several other factors also, 
viz., the quantity and distribution of rainfall, a favourable cold season, the produc¬ 
tion or otherwise of fresh vegetative shoots, insect pests, diseases, etc. The rain¬ 
fall must be moderate and well distributed especially in the month of June, as it 
helps the growth of the June vegetative shoots. The relation of the vegetative 
shoots and flowers will be explained shortly. A temperature of 60° to 70° F. is 
very favourable in checking the vegetative tendency in plants and inducing them 
to flower. But these are, evidently, factors which are beyond the control of the 
human agency. Certain insect pests and diseases have been found to affect the 
mango crop to an appreciable extent, and it has also been possible to exercise an 
effective check on them. But it is not the object of the present note to discuss the 
same. The attention will therefore be focussed on the important relation of the 
vegetative shoots to the bearing of the mango with a view to see how the latter 
oould be regulated. 

If the growth of a mango tree is carefully observed, it will be seen that there 
are two main seasons in which it is found to grow. These are in June-July 
and October-November. Very rarely the trees also put forth vegetative shoots in 
Maroh or April. Taking the concrete example of a tree bearing regularly in alter¬ 
nate years, it is seen that the branohes of the tree throw out fresh shoots in June 
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as soon as the fruiting season is over, usually from the axillary buds on the top of 
the branches. These again produce shoots in October or November from their 
terminal buds. The October shoots do not get sufficient time to be mature enough 
to produce blossoms in the next dowering season, and have consequently to wait for 
one full year to be able to bear. In the course of this period they pass the two vege* 
tative seasons, following June and October, in a dormant condition. Thus it is 
almost evident that the wood to be capable of bearing should be usually one year 
old. The case of trees bearing in successive years, however, is quite a different one. 
They produce only one flush of vegetative shoots in June, which remaining dormant 
in October, attain sufficient maturity to be able to flower by December or January 
when the next flowering season sets in. The wood in these cases is of six months 
maturity. It seems clear from this that the wood must be at least six months old 
to be able to bear flowers, and that the trees which produce vegetative shoots in 
October are unable to bear in the following season. 

As already noticed all the trees do not bear regularly. There are some trees 
which simply go on vegetating and consequently do not bear for years together. 
There are others which partially flower and partially produce vegetative shoots. If 
mango cultivation is to be made more profitable, one of the methods would be to 
regulate the flowering of the trees so that they will bear regularly every year, or at 
least in alternate years. This can be achieved by three different methods, viz., 
ringing, pruning and manuring. 

The method of ringing for the production of flowers has been already des¬ 
cribed in detail [Wagle, 1928]. Ringing is a rather tedious process, and if not 
properly practised, the wound may not heal up and the branch may be deformed. 
Pruning has been found to be an improvement over this method and is 
easier to practise. It has been noticed that the tender October shoots are 
incapable of bearing blossoms. If these are pruned by means of a secateur, the 
lower June branches which are sufficiently mature develop their dormant buds, 
which give rise to flowerheads These operations were tried from the middle of 
October to the middle of March. They were practised on trees partially flowered, 
and also on those not flowered at all. The result in almost all cases was that the 
branches pruned up to the middle of November had either their buds dormant, or 
produced only regetative shoots. Flowerheads appeared from the treated branches 
from the middle of November to the end of February, but the operations were 
very successful particularly in December and January. The success of the opera¬ 
tion depends much upon the vigour of the individual tree. Generally, any vigorous 
tree can be mado to flower by pruning. A sickly plant will fail to respond to this 
treatment. It must, however, be borne in mind that the pruning has to be done 

2 d 2 
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only in case the tree produoes vegetative shoots in October ; otherwise the tree will 
naturally flower. A few branches, pruned in the above manner in the season of 
1929-30, produced 450 flowerheads which gave 52 fruits. This means 11‘5 fruits 
per 100 flowerheads, which was almost the normal crop of the season. The effect of 
continuous pruning has not, however, been observed so far. But it seems the trees 
so treated will have to be manured to make up for the vigour lost by increased 
bearing. 

Manuring seems to be another method of achieving the same goal. By this 
method it has been possible to make the trees bear in successive years. The trees 
experimented with were, however, smaller in size, about 10 to 12 years of age. A 
dose of four pounds of sulphate of ammonia and 200 pounds of farmyard manure 
was applied to each tree in June after the mango crop was harvested. The trees 
produoed both the June and the October vegetative flushes, and were still able to 
put forth blossoms from the October shoots about the end of February. The 
manurin g seems to have hastened the maturity of the vegetative shoots to the 
requisite extent before the end of the flowering season. The yields of the trees 
during successive years were as follows :— 


Tree 

No. 

Yield in 1929 

Yield in 1930 

No. of flowerheads 
produoed 

No. of fruits 

N o. of flowerheads 
produoed 

No. of fruits 

ISO 

m 

60 

181 

42 

188 

285 

87 

365 

iqs 

139 

200 

44 

743 

88 


These trees have again been manured in last June. The vigour of these trees 
has been very well maintained, and there appear very good prospects of their 
bearing year after year, provided the trees are properly looked after. 


Thus, a beginning has been made to tackle the problem of regulating the 
bearing of the mango, whioh is very important from the commercial point of view. 
It is hoped to develop the work sufficiently on more practical linAn in the neat 
future. 

The thanks of the writer are due to Mr. V. V. Gadgil, Deputy Director of Agri¬ 
culture, Konkan, for the frequent guidance and encouragement received from him. 
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SOME FACTORS AFFECTING THE FEEDING VALUES 

OF PASTURES.* 

BY 

J. M. DICKSON, M.A., B.Sc. 

(Reprinted from the Veterinary Reoord, Voi. X, No. 49, December 1930.) 

The subject matter of this paper refers only to permanent grass. The feed¬ 
ing value of any permanent pasture may be said to be dependent on three main 
factors; these are: — 

A. Composition of soil. 

B. Climatic conditions. 

C. The system of management. 

Investigations of pasture problems entail considerable difficulties since they 
deal with a mixed crop, each member of which is competing with another. It can 
be said fairly definitely that herbage of any pasture depends entirely on the three 
factors mentioned, where the pasture has been established for any length of time. 
It has been shown many times that where elaborate mixtures have been used to 
seed down a field to permanent grass under any system of management, only a few 
of these species exist for more than a few years. In this connection it may be said 
that the modern tendency is to sow much more simple mixtures than was the 
custom in the past. On many of our best pastures it is interesting to note that 
only a very few species of grasses are found. For example, in the South Notting¬ 
hamshire and Leicestershire areas the best feeding land contains very few grasses 
beyond Perennial Rye Grass, Rough Stalked Meadow Grass, Crested Dogs Tail, 
and Wild White Clover. It would, of course, be wrong to say that there are no 
others, but in many cases these four species constitute 90 per cent, or more of the 
total herbage. The type of herbage to aim at is one containing a reasonably good 
mixture of grasses and clovers, and this can generally be achieved by proper 
management. In the past, we have been taught to assess the value of a pasture 
rather by its olover content than by its grass content, but examination of pastures 
of high feeding value tends to confute this idea, and we now realise that to get a 
high feeding value a considerable percentage of grasses is very desirable* 


♦Paper presented to the Derbyshire Division, N. V. M. A., at Derby, on October 14th, 1030. 
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A. — Composition of Soil. 

Under the Bame or Bimiiar conditions of climate and management we know 
that there are very great differences in pastures on different types of soil. For 
example, the very poor benty pastures on the hunter sand in North Nottinghamshire 
compare badly with those of alluvial soil of the Trent side, within a very short 
distance of each other. The difference in soil conditions required to produce quite 
different pasture is, however, very small; so 6mall, in fact, that the chemist has 
not yet been able to measure it. To illustrate this I may mention one case of two 
neighbouring fields on the same farm, managed as permanent grass in exactly the 
same way for at least three generations. One of these fields (a) will fatten big 
bullooks exceedingly well, but tho other (6) will only fatten heifers; young stock, 
on the other hand, did not thrive on the first field, but did excellently on the other. 
The grass in field (a) is said to be ‘ too strong ’ for young cattle. This brings up 
the first of our problems. What is meant by ‘ too strong’? It is doubtful whether 
any one really fully understands this at tho moment, but I would offer the sugges¬ 
tion that aB these strong fields are undoubtedly the richest, the troublo with young 
stock may be a diet too rich in protein, or a diet too rich in nitrogenous products 
which have not been fully elaborated. 

B. —Climatic Conditions. 

It is a well-known fact that on the same type of soil, and with similar condi¬ 
tions of management, there can be, and are, very different types of pastures. The 
variation in the same plant under different climatic conditions is in itbclf a subject 
of great intei est, but I do not propose to go into it here. 


C.—Svsiem of Management. 

Under this heading I intend to deal with the various items which are under 
the farmer’s control. The chief of these are 

1. Drainage. 

2. Cultivation. 

3. Method of Grazing. 

4. The use of Cakes, Farmyard Manure, Lime and Fertilizers. 

1. Drainage. This is probably the factor of most importance in the growing of 
any crop, and hardly needs elaboration. Inefficient drainage leads to soil conditions 
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of such » kind that it is quite impossible for the better grasses to exist, and a 
special type of vegetation, generally unpalatable to all stock, is characteristic vi 
badly-drained land. The remedy is, of course, obvious, and may be carried out 
by means of surface drainage, tile drainage or mole drainage. 

2. Cultivation .—The importance of cultivation of permanent grass cannot bo 
over-emphasised. On normally well-grazed pastures its most important phase, 
often unthought of by the grazier, consists in the ‘ hoof cultivation ’ of the animals. 
The beneficial effects of hoof treading are in the main due to its effects on the herbage. 
Generally speaking, it may be said that only the better quality grasses can stand a 
regular heavy treading. The poor grasses, and flat-leaved weeds, are so injured in 
the process that they tend to disappear. Where this type of cultivation is well 
done, little more is necessary than perhaps an occasional harrowing to spread 
droppings. On land capable of carrying a reasonably high stock, deterioration of 
the herbage begins as soon as the stock is reduced, very largely on account of 
less efficient hoof cultivation. Where this is allowed to go on, a good pasture may 
be very quickly reduced to one of little value, and the herbage may become of such 
a type that stock will not face it. Under such circumstances, it may be necessary 
to resort to other methods of cultivation. This type of deterioration is very 
common, particularly in large parks which do not lend themselves to controlled 
grazing. In this connection I might mention Hardwick Park, where the County 
Authorities have experimented on mechanical methods of improving matted pastures. 
Severe cultivation with a special disc roller in this case led to a marked improve¬ 
ment in the herbage. Such operations, when necessary, should be carried out in 
the winter, wnen the ground is soft, and the implement should be capable of cutting 
well down into the soil, and even of turning up some soil. In extreme ,cases of 
matting the treatment should be drastic, and I have seen bad fields converted into 
very respectable grazing in one gear’s time by drastic treatment, particularly when 
followed by the use of fertilizers. 

3. Method of Grazing. —Woodman, at Cambridge, and others, have shown that 
to get the best value out of a pasture, it should be grazed down and then rested 
for a period, then grazed again, and the processes repeated. He showed that 


cutting at:— 

April to 
October 
lbs* per acre 

Weekly intervals gave a total yield of.. 1,982 

Fortnightly gave a total yield of.* 2,662 

Three-weekly gave a total yield of * , , , 3,216 
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At the same time he shoved that there was little or no, diminution in the 
feeding value as determined by the protein oontent up to the three-weekly 
interval. 


— 

Average 
weekly 
out, 1925 

Average 
fortnightly 
out, 1927 

Average 

3 weeks 
out, 1928 

Digestible protein. 

1997 

18*75 

16-66 

Digestible carbo-hydrates. 

36-10 

36*50 

38-65 

Digestible fibre . ,. 

1208 

13*10 

13-64 

Staroh equivalent per 100-lb. dry matter 

67-74 

69 87 

69-39 


The fall in protein oontent in 1928 was not entirely due to the period of cutting, 
but was due in part to two dry spells which occurred, and during which the protein 
content iell considerably. It will be obvious from the above that rotational 
method of grazing will give the largest live weight increase per acre. Woodman’s 
work was done with a lawn mower, but since then confirmatory results have been 
obtained at Aberystwyth with sheep grazing at intervals of four days, 14 days and 
28 days. The four-day period amounted to overgrazing, giving the lowest live weight 
increase, and had the worst result on the herbage. This overgrazing killed off much 
of the better herbage, and these plots, consequently, gave the poorest yield in the 
following year. 

3«. Class of slock .—The different habits of different classes of stock make mixed 
grazing the most efficient. The natural instinct of an animal to avoid places where 
its own droppingB have fallen tends to make grazing by one class of stock inefficient. 
Sheep prefer the shorter growing herbage, but cattle are not generally so particular, 
they like a good mouthful, and will clean up a fair amount of roughage. Interesting 
figures of this subject are available from Cockle Park, where the manurial treatment 
has been the use of slag alone. On an average of 21 years the live weight increases 
from similarly treated plots are as follows :— 

Sheep alone .... 103 lbs. per aore, per annum. 

Sheep and Cattle . . . 2llf „ „ „ 

4. Oil Cakes .—It has also been shown at Cockle Park that the use of cake alone 
is not sufficient to maintain the feeding value of a pasture. It may be said that the 
old idea of maintaining fertility on pastures, through cake feeding, is definitely 
uneconomic, and without the use of accessory minerals it almost invariably leads to 
d 9 terioration of the herbage, and consequent reduction to live weight inorease per 
acre. 
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Farmyard Manure .—The use of this material on grazing land is not generally 
to be recommended, and it should be used, where possible, on arable land, or 
meadows to be layed in lor hay. It is not well balanced as a manure, usually being 
low in phosphates, and its effect is to stimulate the coarser growing grasses. This 
results in a smothering of the clovers and the finer bottom grasses. Another point 
of considerable importance is that stock do not graze well on land which has been 
heavily dressed with farmyard manure. Where there is no outlet other than on 
grazing land, it should be applied, as far as possible, at the end of the grazing 
season. 


time.'— No general rules can be given regarding the use of lime on pastures, 
and it is usually difficult, if not impossible, to predict a result. At Cockle Park and 
many other parks of the country, lime has failed to give an economio return. In other 
oases it has even given negative results. Generally, it may be said that where slag 
is used liberally, lime will not as a rule, give any further improvement. On certain 
extremely acid soils, however, as on certain parts of the coal measures in Yorkshire, 
where atmospheric pollution occurs, definite responses to lime have been obtained. 
Acidity, or sonrness, is the name given to certain soil conditions which are by no 
means well understood. It appears to exist in two main forms; one being the 
result of a mat of decaying vegetable matter, the other being more or less purely 
mineral acidity. The former, which is often only surface acidity, can be caused 
simply by inefficient grazing, and in such cases removal of the mat may remove the 
acidity. The first form may also be the consequent effect of the second form, and 
in this case removal of the mat may have to be followed by liming before improve¬ 
ment occurs. It is very seldom that lime in itself will remove a mat; though, as 
an instance, I may cite the removal of such a mat on poor grassland at Midland 
College, by waste lime from soap works. There is much less improvement from 
mountain limebtone, and practically no improvement from magnesian limestone. 

Phosphates. -The best-known work concerning the effect of phosphates is that 
done at Cookie Park, where a dressing of 10 owts. of high grade slag, followed by 
similar dressings every sixth year, or half this amount every third year, led to a 
three-fold inoxease in stock-carrying capaoity. The average of the last six years, 


1924 to 1929, is:— 

Tree Field:— 

Plot 6 .—Nil . 

Plot 4—5 cwts. slag, 1924 . 
5 cwts. slag, 1927 . 


"I Live weight increase per 
I acre, 23} lbs. 

j Live weight increase per 

* J acre, 106} lbs. 

* J 


Since the initiation of the above experiments in 1897 by Sir William Summer¬ 


ville, similar results have been obtained in many parts of the country. 81«g gives 
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its best results on strong land, and its effect appears to be due partly to tbe 
phosphate it contains, and partly to the lime, the latter acting as an interchangeable 
base in the soil. Since phosphorus and lime are the minerals removed in the largest 
quantity by the animal, the importance of an adequate supply cannot be overem¬ 
phasised. Similar, if not perhaps so striking, results have been obtained by other 
forms of phosphate, such as superphosphates, bone phosphates, and more x'ecently by 
ground mineral phosphates. On the heavier soils the regular use of some form of 
phosphate seems in itself sufficient to maintain a comparatively high state of 
fertility, but on the lighter soils, which are usually deficient in potash, the addition 
of this substance is often necessary before the phosphate can effect its full value. 
The effect of phosphates is to increase the percentage of clover in the herbage:— 


Percentages of Dry Matter. 


CaO 

p,o s 

Na a O 

K a O | 

Cl 

80s 

j? 

C 

u 

Protein 

Bye Grass .. 

. 1 -40 

1 

•80 | 

•33 

3-07 

115 

•99 

0*5 

1006 

Clovor . 

1 

. j 1*44 

•72 

1 

1-03 

2-80 

_L 

105 

101 

07 

2244 


It will be seen from the above figures that, if the effect of phosphate is to 
increase the proportion of clover in the herbage, it will consequently increase very 
largely the proportion of calcium, without in any material extent decreasing the 
proportion of phosphorus. 

Potash .—Except on the lighter soils potash seldom shows a direct effect on the 
appearance of pastures. W hether obtained from the soil, or by actual addition to 
the soil, its indirect effect is very considerable, and consists in increasing the, power 
of the leaf as a carbohydrate manufacturing agency. The available potash thus 
has a very important bearing on the feeding value of the herbage. It is particularly 
important vhere the nitrogen content of the soil is high. 

Nitrogen .—The effect of nitrogen is generally the most obvious. It leads to 
greater leaf production, and greater bulk of herbage, particularly of the grass, and 
in the earlier stages of growth it increases the nitrogen uptake of the plant, with 
consequent higher protein content. As growth continues, the protein content tends 
to level down to the normal. It may be mentioned here that the leaf is the most 
nutritious part of the plant, and is higher in both minerals and protein than is the 
stem. The effect of nitrogen increasing the bulk of grass makes it important on 
pastures that they should not be allowed to grow too long before grazing; otherwise, 
clovers and bottom growth tend to get smothered out. It is now well-known that 
clover growth is dependent very much on light, and in the struggle for existence in 
a mixed herbage the prostrate habit of the clovers is a heavy handioap if the top 
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growth is allowed to go ahead too far. According to experimental work carried 
out at Aberystwyth, it would appear that even under heavy rainfall (56-in.) one 
can expect a recoveiy of protein, equivalent to at least 80 per cent, of the nitrogen 
applied as manure, with monthly grazings. Without the use of nitrogenous 
manures the protein in the grasses is to a very large extent derived from the clover 
root development. The use of nitrogen on pastures was generally condemned as 
bed practice until within the last few years, but the recent introduction into this 
country of the system of complete manuring and rotational grazing has done much 
to make us alter our views. This syttem entails the use of phosphates and potash 
as basal dressings, followed by a number of nitrogenous dressings during the grow¬ 
ing season. It has been shown by this system that it is possible to maintain her¬ 
bage of a high protein content from very early in the season throughout the season 
into late autumn. This is in contra-distinction to normal growth, where the pro¬ 
tein content follows a curve somewhat as follows :— 

It would appear that there is every probability of a very much greater use of 
nitrogen on grassland in future. The deterrent features apparent at the moment 
are mainly economic and technical. There is also the question of the state of the 
nitrogen in grass at different stages in growth, and how nitrogen, in some of its in- 
elaborated, that is, non-protein forms, affects the living animal. Oases have been 
reported where animals have behaved abnormally on pastures treated with nitrogen. 
In one case, at Castle Douglas, cattle appeared to be passing blood and red water 
was suspected. Investigation, however, showed no parasites, and the presence of 
complete blood corpuscles with particles of cell wall detritus. This phenomenon 
occurred fairly regularly, about five hours after grazing had commenced. Chemi¬ 
cal investigation of the grass showed a very high content of non-protein nitrogen, 
amounting to 50 per cent., and the trouble was undoubtedly due to this. This led 
to an investigation being initiated on the nitrogen content in young grass. Nor¬ 
mally, nitrogen treated grass at three-five weeks' growth, contains about 88 per 
cent, of protein nitrogen. This investigation is taking place at Jealott’s Hill, but 
sufficient data are not yet available to come to definite conclusions. It would 
appear, however, that a certain time is necessary for the nitrogen of the manure to 
become elaborated into protein. This period seems to vary with the time taken to 
achieve a certain growth, and it would appear that the more rapid the growth, 
the higher is the inelaborated nitrogen. Thus from the practical side, due care 
should be taken not to stock immediately after a very rapid period of growth. 
Two other cases of supposed nitrate poisoning with sheep were reported following 
an application of nitro-ohalk. To test this, a lamb was fed with 10-oz. of nitro- 
chalk in nine days, and its health was in no way impaired. The urine contained 
large quantities of nitrate nitrogen, but there were no traces of blood. Part of 
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the nitro-ohalk was fed in one dose of 3-oz. with no disturbance of health. Another 
lamb was fed with J-oz. nitro-ohalk daily for 14 days. It ate its ration contain¬ 
ing this and showed no signs of ill-health. It would appear from this that nitro- 
ohalk is in no way harmful to sheep. 

The importance of pasture products, and consequently pastures themselves, is 
so great that one need hardly stress it. It is, however, only within the last few 
years that any effort has been made to co-relate the work done in the different 
sections of it. Hitherto, the whole of the work has been done by soil chemists and 
botanists, but more recently the biochemists and physiologists have been enlisted. 
The last mentioned “ are interested not in pasture as such, but in the effect of 
different types of pastures on the nutrition of the grazing animal. They are 
studying the chemical composition of the herbage to determine to what extent this 
cam be oo-related with its feeding value ” (Orr). This sid«* of the investigation has 
tended to be centered at the Rowett Institute, while the nutritional aspect of good 
pastures tends to be oentered at Cambridge. Aberystwyth, while mainly tackling 
the botanical side, has also done some work in co-relating chemical and botanical 
positions. What I have said hitherto has related almost entirely to what might 
be classed as good permanent pastures, but before closing I should like to make some 
reference to the work which has been done at Rowett Institute. The work of this 
Institute concerns itself with what might be termed abnormal pastures, that is, 
pastures on which, on account of some lacking feature, animal growth is abnormal. 
The main feature in equally bad abnormal cases would appear to be a deficiency 
of one or more of the mineral constituents. To illustrate this, 1 append three 
analyses of different pastures :— 


— 

Very 

high-grade 

pastures 

Normal good 
pasture. 
Average 24 
samples 

Poor pasture 
(Falkland 
Islands). 
Average 55 
samples 

Silica-free ash ...... 

8*68 

6*64 

4*56 

OaO. 

2*473 

1-00 

0*29 

•••*#.. 

0*997 

0*74 

0*54 

Na a O. 

0*698 

0-26 

031 

K f 0. 

2*398 

3 IS 

2*20 

0. 

0*498 

0-95 

0*70 


3*662 

2-83 

1*95 
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From available figures it would appear that “ rate of growth of the young, 
percentage fertility, and health, are roughly parallel with the percentage of silica- 
free ash In the worst case given above, the figures given were lambs born, 90 
per cent., surviving at dipping, 52 per cent. Other figures go to show that there 
is a definite co-relation between minerals and protein, and that pastures low in 
minerals tend to be low in protein. It is, however, only in cases where there is an 
extreme deficiency of one or other minerals that mineral deficiency diseases occur. 
Thus far, the study of mineral deficiency has been mainly in connection with 
calcium and phosphorus, but a certain amount of work has also been done on iron 
and iodine. It is possible, however, that very small deficiencies of other minerals 
may yet be found to be of equal importance in some cases. I do not intend to go 
further into this subject, but would refer any one who is particularly interested to 
Dr. Ore’s book on “ Minerals in Pasture,” which summarises the work which has 
been done to date. 

Discussion. 

Mr. J. R. Bond commenced the discussion and called attention to methods 
of seeding down, stating that new pastures now were generally of greater value 
than old. He also drew attention to hoof cultivation in dealing with matted turf 
and mechanical cultivation design to lacerate the mat. He thought that there 
was danger of diseases appearing in stock by the greater stocking of pastures. 

Mr. A. Levie raised the question of why soap works lime acted best, and 
suggested that there might be present some alkaline matters more soluble than 
lime. He also drew attention to the need for mixed stock on pasture land. 

Major T. V. Bagshaw raised the question of hoof culture. 

Mr. P. M. Evershed said that there were more and more cases of milk fever 
and questioned whether this might not be due to lack of lime in the soil. 

Mr. E. Wilkinson expressed the view that there was great value in liming 
to prevent milk fever. On fields belonging to a certain farmer which had had 
ample dressings of lime there had been no milk fever, whereas there had been many 
cases on others in the neighbourhood. 

Mr. W. J. Ironside called attention to parasitic diseases due to the over¬ 
stocking of pastures and also mentioned the case of strong pastures. 

Captain 0. V. Gunning thought that continuous milk selling might have 
some detrimental effect on the pastures. He asked why aftermath caused scouring. 

In his reply, Mr. Dickson said that a good many of the troubles of strong 
pastures were due to low fibre content. He had not had much experience with regard 
to milk fever and wondered whether a wet season might not have a great deal to 
do with it. Lime was not needed where acid was due to a mat. Certain ordinary 
fields scoured young stock after a rapid growing time. Aftermath was h igh in fibre, 
low in protein and carbohydrates. 



LUCERNE. 


BY 

MAJOR A. E. CRAWFORD, M. C., 

Military Farms Department, India. 

(Reprinted from a pamphlet issued under the authority of the Master General of 

Supply in India.) 

Description .—Luoerne (Medioago saliva) is a leguminous plant, belonging to 
the same family as beans, peas and clover. It is characterized by a distinct tap-root 
which in suitable soils extends to a considerable depth and which has few to many 
branch roots. Close to the surface of the ground, the plant has a semi-woody base, 
known as the “ Crown ”, from which arise the erect stems, which commonly reach a 
height of 2 feet and are not usually more than l/8th-inch in diameter. The leaves 
are arranged alternately on the stem and like clover are in threes. The plant has 
racemes of purplish flowers in loose branches. The seed is produced in pods which 
are twisted spirally, each pod containing several kidney-shaped seeds, often some¬ 
what mis-shapen. 

Soil and Climate — Lucerne is not a crop that will succeed on all soils and in all 
climates. It prefers a soil containing a considerable percentage of lime, but good 
crops are grown on clays and loamB, where the climate is dry and warm. The 
tap-root descends to a great depth and the plant is thus enabled to resist severe 
drought. On soils in need of drainage, it will not succeed and both surface and 
underdrainage are necessary if lucerne is to thrive. 

Preparation of Seed-Bed .—In establishing a lucerne stand, the first essential is 
correct preparation of the seed-bed. While this presents no great difficulty, it iB 
remarkable how indifferently lucerne land is usually preparod, particularly in view 
of the cost of the seed and the time the stand is to last. For these reasons thorough 
tillage operations are probably more essential for lucerne than for any other main 
crop. 

It is absolutely essential, if the satisfactory establishment of lucerne is to be 
obtained, to have the land in good heart, free from weeds and with adequate 
moisture at seeding time. The subsoil must be well-drained, and if there is the 
slightest danger of a shortage of lime, this must be made up before sowing. 

In order to obtain the necessary conditions for satisfactory growth, the prepa¬ 
ration of the land should be put in hand several months before sowing. The initial 
ploughing should be deep and be followed by the harrow if the ground be in a cloddy 
condition. 

The soil should be in good tilth to induce the germination of weed seeds on the 
fallow and then to destroy them, when very young, by means of harrow or tine 
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cultivators. These cultivations should only be made to a shallow depth and 
reploughing should be avoided, with the object of destroying as many weeds as possi¬ 
ble in the top few inches of the soil, without turning up fresh weed seeds from the 
lower soil. It is impossible, even with a twelve months fallow, to rid the soil 
entirely of weeds, if fresh weed seeds are continuously brought up by deep culti¬ 
vation or reploughings. As there is always great risk of weeds coming up on the 
land and smothering the young crop out before it is established, the success of the 
operations undertaken to keep down weeds is therefore of prime importance. 

The cultivations which are necessary to control weed growth, if done correctly, 
should result in a fine seed-bed, well supplied with moisture at sowing time. 

These conditions are essential to ensure good germination of seed, which should 
be plump and of good quality. Very little soil covering is required, deep sowing 
being particularly responsible for poor germination. 

Method and Time of Sowing. —Lucerne in India is usually sown without a nurse 
crop. It can either be sown broadcast, on flat beds or in lines, and the last method 
has generally proved superior, particularly under canal irrigation. When sown in 
lines, the crop can be kept much freer from weeds, and intercultivation can be 
practised. 

The rows should be about 12 inches apart, and a seed rate of from 15-25 lbs. 
per acre, is sufficient. 

Sowing can be carried out either in February, March or in September, but in 
the former case it is essential to get the crop well established before the hot weather. 

Manuring .—The manurial requirements of lucerne are mainly phosphates and 
potash, while the necessity of an adequate supply of lime has already been mention¬ 
ed. Nitrogenous manures are not required. 

Farmyard manure, on account of its introducing weed seeds, should never be 
directly applied to lucerne. If the application of this manure is necessary to bring 
the land into good heart, it should be applied well-rotted to the crop grown on the 
land before the fallow. 

If the soil is not naturally rich in lime, 10 to 20 cwts. of ground lime per acre 
should be applied before sowing the seed, or 2 to 3 tons may be used for a preparing 
crop. In India it is probably a sound practice to always apply a dressing of lime 
before sowing. 

As regards potash, the need for this is largely dependent on the class of soil. 
On a day soil no potash will be required, while on light soils the addition of f cwt. 
of Bulphate or muriate of potash per acre may prove benefioial. Basic slag is 
usually considered preferable to superphosphate, mainly on account of its lime 
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content, but in the only records which we have available, t.e., those at Ferozepore 
superphosphate definitely proved its superiority. 

The usual dressing recommended is from 2*3 cwts. per acre annually or 5 cwts. 
in alternate years. The Ferozepore results however seem to indicate that a dressing 
of 3 cwts. produces results for two years. 

Where lucerne has not been grown previously, the proper nitrogen-collecting 
organism (B. radicicoli) may either not be present or be insufficiently active. 

The preparation of cultures for inoculating the seed has been successfully 
aohieved at Rothamsted, but a good way of getting a stand on fresh ground is to 
scatter over it soil from a successful lucerne field. This method may become 
expensive, and recently it has been found that if a small quantity of soil is mixed 
with the seed and drilled at the same time very successful results are obtained. 

After-treatment .—The main aim of after-treatment is to keep down weeds 
and to continually stir the soil. The rigid tined or spring tooth cultivator should 
be used several times throughout the growing season, and particularly towards 
the end of the cold weather, followed by a dressing of artificials if due. 

Damage to the crown of the plants may result from the use of disc implements, 
and they are not recommended. The timely use of cultivating implements will 
result in cleaner cropB by destroying weeds and heavier yields by conserving 
moisture and aerating the soil 

Time to Cut.—Until the plants reach the flowering stage in the first year 
they should nob be cut, as too early cutting checks the development of the tap-root, 
which is all-important, and weakens the plants, so that they are unable to 
compete against weeds. It is also advisable to leave about 4 inches of the plant 
when taking the first cutting. 

A considerable amount of investigation has been carried out in Amerioa 
as to the best time to cut lucerne, and the general consensus of opinion favours 
the early bloom stage. 

In Ohio damage to the stand was observed from cutting too early before 
first bloom or from cutting too late after the crop was too mature. In Wisconsin 
early cutting thinned the stand, weakened the plants, and permitted the encroach¬ 
ment of weeds. Cutting off crown shoots, contrary to common opinion did not 
injure the stand. Similar observations by other authorities all pointed to the 
fact that too early cutting is accompanied by great danger to the stand: 

In Iowa the time recommended for cutting is when one-tenth to one-fourth 
of the crop is in bloom, while Bunt in “ Forage and Fibre Crops ” reco mmen ds 
when from one-tenth to one-tlird of the total flowers are formed. He adds 
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that the crop should be cut as soon as the lower leaves turn yellow, regardless 
of the stage of bloom. 

Stands of lucerne in India are generally difficult to maintain for more than 
three or four years. The general tendency to cut too early and too often is 
probably partly responsible for this, as the stand becomes thin and weakened 
and unable to stand the hot winds. 

Lucerne should never be grazed the first year and only slightly the second 
year, as a good take can easily be ruined by over-grazing. The plants should 
never be grazed so closely that the crown is injured. 

Irrigation .—The usual tendency is to over-irrigate lucerne, in which case 
the root-system is typical, consisting of the main tap-root with very few laterals 
and fibrous rootlets. Any approach to water-logging is fatal. 

To ensure full yields lucerne requires an ample supply of water and if possible, 
the soil should not be allowed to dry right out between irrigations. “ Little and 
often ^ is far preferable to heavy and infrequent applications of water. 

To ensure the proper distribution of water, and the development of even crops, 
the fields mu6t be level and without hollows where water can collect. 

General .—Once established, lucerne should stand for a number of years, 
provided it is properly treated, and should only be broken up, when the weeds 
get so bad that they tlireaten the progress of the crop. 

Immature lucerne, like most legumes, is very intolerant of Kallar , but mature 
lucerne is fairly tolerant. On such soils, the effect of a good stand of lucerne, 
where the tap-roots have penetrated deeply into the soil, is most marked on 
subsequent crops. 


Manorial trial s*. 

Each plot 1 acre. 

Military Grass Farm, Ferozepore. 

Manager—Sub-Conductor J. W. Vining. 

Five acres of lucerne which had been done for two to three years were selected 
for experiment. 

No artificials had been previously applied. The lucerne had been broadcasted. 
Artificials were applied as under¬ 
plot No. 1.—3 cwts. superphosphate. 

Plot No. 2.-3 cwts. superphosphate, J cwt. muriate of potash. 

Plot No. 3.-—3 cwts. basic slag, f cwt, muriate of potash, 

Plot No. 4.-3 cwts. basic slag. 

Plot No, 5.—| cwt. muriate of potash. 

2 E 
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The artificials were applied in March 1927. The results were as followB. 


Date of cutting 

Plot No. 1 
super¬ 
phosphate 
alone 

Plot No. 2 
super¬ 
phosphate 
and 
potash 

jelot No. 8 
basio 
.lag 
and 
potash 

Plot No. 4 
basio 
slag 
alone 

Plot No. 6 
potash 
alone 


lbs. per 
acre 

lbs. per 
acre 

lbs. per 
acre 

lbs. per 
acre 

lbs. per 
acre 

7th May 1927 

9,200 

7,600 

7,620 

7,400 

7,180 

3rd June „ ... 

6,620 

6,860 

6,640 

6,460 

6,700 

3fd July „ ... 

6,720 

6,260 

6,200 

6,900 

6,000 

24th July „ ... 

7,960 

6,720 

7,630 

7,200 

7,160 

26th August 1927 . 

8,660 

6,890 

7,840 

7,600 

7,600 

6th October „ 

7,200 

6,200 

4,960 

6,960 

6,698 

Total 

46,260 

37,910 

40,780 

40,600 

40,228 

• 

Date of cutting 

Plot No. 1 
superphosphate 
alone 





lbs. per acre 

4th November 1927 • 

• . • 

• • 


6,100 

10th Deoember 1927 • 

. • • 

• • 

• * • 

6,400 

30th January 1926 

• • • 

* • 

... 

7,900 

4th March 1928 

• . • 

• 

• a • 

9,360 




Total • 

76,000 
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The superiority of superphosphate over other treatments, i.e., an increase in 
six cuttings of 5,470 lbs. over the next best plot, i.e., No. 3, was marked and the 
further cuttings, four in number, taken up to 31st March 1928, were weighed 
separately. 

The total outturn of this acre amounted to 76,000 lbs. green. 

It was decided to apply superphosphate at the rate of 3 cwts. per acre to all 
lucerne. All fresh sowings were made in lines 12 inches apart. 10 owts. of ground 
lime per acre were applied previous to sowing and superphosphate applied after 
taking the first cutting. Eight acres were sown between 10th March and 10th April, 
1927. 

The outturn of 11 acres (8 sown as above and 3 broadcast retained), from the 
period 1st April, 1928 to 15th November, 1928, from which six cuttingB were taken, 
amounted to 5,08,635 lbs. equivalent to 46,239 lbs. per acre in 7J months. 

The outturn of 12 acres broadcast and to which no artificials had been applied 
for the period 1st April, 1925 to 31st March, 1926, amounted to 4,36,758 lbs. equi¬ 
valent to 36,313 lbs. per acre in 12 months. 

The application of superphosphate enabled the lucerne to stand up to the hot 
winds before the rains, gave increased weight per cutting, and also increased the 
number of cuttings taken. 

Sowing in lines enabled the crop to be continuously intercultivated, which was 
thereby kept muoh cleaner. 


Trials with imported lucerne. 

Military Grass Farm, Ferozepore. 

Manager—Sub-Conductor J. W. Vining. 

It was decided to carry out experimental trials with certain varieties of 
imported lucerne to see whether larger acre outturns could not be obtained as 
compared with the variety usually grown, the seed of which was obtained from 
Neemuch. 

Seed of the following varieties were obtained 

Giant Upland from Messrs. Yates A Co., Sydney, Australia. 

French Provenoe 1 

S panish Aragon l through Messrs. A. & G. Leighton Ltd., Newcastle, 
Spanish Tamata Staffs, England. 

Grimm 


2 e 2* 
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These varieties were sown between 19th and 22nd November, 1927. The land 
having previously received a dressing of 10 cwts. of ground lime per acre, and after 
the first cutting had been taken, superphosphate was applied at Idle rate of 3 cwts. 
per acre. 


Variety 

Area 

1st. 

7-2-28 

2nd. 

1-4-28 

3rd. 

1-5-28 

4th. 

21-6-28 

5th. 

24-7-28 

6th. 

20-9-28 

7th. 

10-11-28 

Total 

Aore 

equiva¬ 

lent 

Giant Upland 

•ere. 

i 

1,750 

2,790 

2,520 

1,400 

1,80) 

2,250 

2,530 

15,040 

lbs 

60,160 

Grimm 

i 

... 

4,758 

8,300 

1,820 

1,900 

2,300 

2,460 

16,588 

49,614 

Provence , 

i 

... 

3,155 

2,890 

2,010 

1,860 

2,140 

2,2-10 

14,295 

42,885 

Spanish Aragon . 

i 

1,080 

1,5 7 

1,350 

680 

1,000 

1,460 

1,420 

8,560 

51,360 

Spanish Tamata 

i 

935 

1,215 

1,250 

915 

900 

1,250 

1,150 

7,615 

45,690 

Neemuch 

i 

2,230 

•• 

2,110 

1 295 

1,400 

1,600 

1,700 

10,335 

41.P49 


All varieties gave better results tnan the Neemuch Variety in this trial, 
the order of merit being (1) Giant Upland, (2) Spanish Aragon, (3) Grimm, 
(4) Spanish Tamata, (5) Provence, (6) Neemuch. 

The yields of both Giant Upland and Spanish Aragon were extraordinary for 
the first year. No lucerne was cut for the first time until it commenced to bloom 
which accounts for no cutting being taken from Grimm and Provence until 1st 
April 1928, both these varieties were slow in establishing themselves but later grew 
well. 
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ENSILAGE-MAKING METHODS. 

Tbe pit compared with the stack at Stratford Demonstration Farm. 

BY 

J. M. SMITH, 

Instructor in Agriculture, New Plymouth. 

(Reprinted from the New Zealand Journal of Agriculture, Yol. 41, No. 3.) 

With a view to introducing the pit method of conserving ensilage a concrete 
hillside pit was built at the Stratford Demonstration Farm during the season of 
1929-30. In common with the position on the majority of farms in the Stratford 
district, where the country is slightly broken, several suitable sites were available. 
The main points about a site for a hillside pit are, firstly, proximity to the pad- 
docks where the crops are to be saved and to those where feeding-out is to be done; 
and, secondly, the securing of a hillside with sufficient depth and with good access 
and exit to and from the pit-bottom. This latter point is very important, as prac¬ 
tically the whole of the carting out is done during the winter months, when with 
heavy loads of ensilage, the cutting-up of the roadway will be considerable. 

A very suitable site conforming to both of these conditions was selected on the 
farm. The area of land that can be called on to fill the pit is about 30 acres, while 
the pit-bottom strikes a conglomerate material that in itself makes a very suitable 
road. In this instance it was possible to have one road leading in and another 
leading out, both with good grades. The matter of having two roads is not so 
important, provided there is sufficient room at the pit-bottom to turn and that 
there is a good grade out. The two roads are an advantage, however, as turning 
with a wagon at the pit-bottom means a good deal of wear-and-tear even on a well- 
metalled road. The advantage of having a pit built on a hillside is that it mini¬ 
mizes the actual handling of the green material and the finished ensilage. There is no 
undue lifting, as each operation means handling the stuff down. An opening, 4 ft. 
in width, the whole depth of the pit, with the exception of the top 4 ft., is left on 
the side of the pit looking out from the hillside, and through this opening the 
ensilage is taken out during the feeding-out process. During the filling of the pit 
the opening is boarded up as the pit is filled, the boards being rabbeted together 
and so made perfectly airtight. 
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CONSTRUCTING THE PlT SlLO. 

In building, the pit was first bored out to the prescribed size, which in this 
instance was a circle 20 ft. 8 in. diameter to a depth of 14 ft. The walls were kept 
perpendicular. On the inside of the pit was built a wall or lining of concrete 4 in. 
thick. Only one set of boxing some 3 ft. in depth was required, which set com¬ 
pleted a ring round the pit. No boxing is required for the back of the concrete as 
the solid earth wall is sufficient. Buttresses some 6 in. in thickness were built on 
either side of the opening to give strength to the structure, for at this point there 
is no earth wall to support the concrete; these buttresses are 3 ft. wide. No re¬ 
inforcement was used, except for 10 ft. back on either side of the opening and lor 
the buttresses. The pit was brought some 2 ft. 6 in. above ground-level, and a 
great deal of the spoil from the excavations was used to form a ramp up to this 
height to allow the sweeps to work right up to the edge oi the pit. The ramp was 
graded off to some 15 ft. back from the pit, and this rise of 2 ft. 6 in. in 15 ft. 
presented no difficulty for sweeping. A removable lean-to roof of wood and iron 
was constructed in three sections, and lias a fall of 1 in 40. The sections were 
bolted to three plates, which in turn were bolted down to the concrete of the pit. 
Two men can remove the roof without great difficulty. 

After due consideration it was decided to have the pit built by contract, and 
tenders were called for the job. The tender accepted was in the vicinity of £100, 
but this cost included the excavations and roof as well as the concreting. In most 
cases a farmer would do his own excavation work, and, provided he had the boxing, 
the concrete work would present no difficulty; so that a similar pit could be 
built at a much reduced cost. 

Making the Pit Ensilage. 

A start was made with the filling of the pit early in December. The procedure 
followed was for one man to begin mowing when the others started milking in the 
morning, and to cut till breakfast time. After the routine work, such as washing 
up and cleaning the milking-shed, had been completed a start would be made 
with the ensilage. One man would operate the sweep, working so that he 
would bring in a load from near the pit and then one from much further afield. 
This gave the men at the pit more time to handle the material. A second man was 
stationed at the top of the pit, his duties being to pull the sweep load to pieces 
and fork it into the pit. From the top of the pit where the sweep left the load it 
was possible for this man to feed the green material right to the builder, and this 
Baved a further man in the pit. The builder, receiving the material in small 
forkfuls, was able to make a good job filling, and the material was evenly distribu¬ 
ted—not in rolls as one sometimes sees it. Careful building in the pit is just as 
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essential as it is in the stack, if first-clasi ensilage is to be made. The centre of 
the pit was kept high in building, and due attention was given to the walls. Filling 
was commenced on 9tti December, and (ontinued on the 16th,' 20tb, 24th and 27th 
from 5 ft. to 6 ft. of material being put in on eacli occasion. When the last lot of 
green material was added the mass was some 6 ft. above the top of the pit, and it 
was nearly a fortnight before it had subsided enough for the roof to be put on. 

The top of the ensilage was not weighted in any way, although it is common 
practice to put about a foot of soil on, as is done with ensilage stacks. The idea 
was to determine just how much waste would occur without any weight, and to get 
some idea as to whether the labour incurred in topping would be,compensated for in 
the reduced waste that should occur. Taking everything into consideration, the result 
of this trial proved that leaving th** stack without any weight is not a payable 
proposition. The waste on top averaged about 6 in. all over, which would represent 
about 3 tons of ensilage, while to the depth of about 2 ft. the ensilage ranged from 
dark to light brown, which is of slightly inferior quality to the green. Below this 
depth the ensilage was of splendid quality, being almost £ts green as the day it was 
saved and slightly sour. 

Si’ACK MA’US FO.t CoMP.UUTIVE PURI'O-iES. 

In order to get some idea of the saving effected by the pit silo as against the 
stack method of conserving in regard to labour, waste, etc., a stack was built in 
an adjacent paddock at the same time as the pit was being filled, and all details 
of labour, et •., were accurately kept. This stack was commenced on 14th Decem¬ 
ber and completed on the 23rd, after six days’ building. As against three men 
employed on the pit it was necessary to have four fnen and a boy working on the 
stack—one on the sweep, one at the stack-bottom, two on the stack, and a boy 
'to lead the horse of the hoist. The size of the stack was 18 ft. by 20 ft. and was 
6 ft. in height whon it had finally settled down. The estimated weight of ensilage 
in the stack was 50 tons, as against 85 tons in the pit. The actual time worked 
on the stack was 150] hours, while the filling of the pit occupied 125 hours The 
boy’s labour for leading the horse was reckoned as half of that of a man. Baaing 
the labour at 2s. 6 d. per hour the cost of labour for the stack was £18 16s. 3d., 
or 7s. 6 d. per ton, as against £15 12s. 6 d., or 3s. 8 d. per ton, for the pit. The 
number of hours for the pit includes the time estimated for topping lip with soil, 
had this work been carried out. Assuming, then, that the stack contained the 
same quantity of ensilage as the pit—85 tons—the total labour cost would then be 
£31 17s. 6d. for the stack and £15 12s. Gd. for the pit, or a saving of £16 5s. in 
favour of the pit. In addition to this no allowance has been made for the extra 
horse that was required for the purpose of working the hoist. 
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Advantage lies with the Pit. 

The aotual waste on the stack was 1 ft. deep on all the walls and about 1 in. 
at the top. This estimate of wall wastage is on the conservative side. The wall 
wastage in the pit would not exceed 2 in. and as labour for topping up has been 
reokoned in the case of the pit it is only fair to assume that the wastage would 
have been the same as that of the stack, namely, 1 in. on top. Beckoning the weight 
of ensilage at 45 lbs. to the cubic foot, it is found that the total waste in the case 
of the stack is 9 tons 15 cwt., or 19*5 per cent., while in the case of the pit it is 3 
tons 8 owt., or 4 per cent. Again, assuming that the stack contained 85 tons the 
waste could be reckoned as 161 tons, as against 3 tons 8 cwt. for the pit. Putting 
the conservative value of £l per ton on the ensilage, the value of the waste material 
in the case of the stack would be £16 10s., as against £3 8s. for the pit, or a saving 
of £13 2s. on the pit. Thus the total saving in favour of the pit is £16 5s. for labour 
and £13 2s. for wastage, a total of £29 7s. As an offset against this could be reckoned 
interest on the capital cost of the pit—say, £7—and depreciation—say, £2—leaving 
a net saving of £20 7s. 

Thus it will be seen that, given a suitable site, the construction of a pit is a 
very payable proposition. In addition to the actual saving of over £20 there must 
be reckoned the ease with which the material is handled—L ss human energy being 
required—and the fact that building in the pit presents no very great difficulties, 
also that once the ensilage is saved it can be kept indefinitely in the pit. 



FEEDING OF FARM CATTLE. 


BY 

A. K. B. CAZI, B. Aa. (Bom.), B. So. (Edin.), N.D.D., D.I.C., F.R.H.S. 

(Loud). 

(Reprinted from the Poona Agricultural College Magazine, Vol. XXII, No. 2, 

September 1930.) 

Three points should be uppermost in the mind of a stock-feeder:—(1) quality 
of ration, (2) quantity of ration and (3) economy of feeding. Too much of any 
concentrates or of any bulky foodstuff as well as too little of these will only impair 
the productivity of the stock and thus affect the financial position of live-stock 
enterprise. The ration should therefore be of the best quality as well as of the 
optimum quantity in order to obtain maximum net returns as could be obtained 
through the most judicious system of rationing. The best quality and optimum 
quantity in a ration together constitute what is termed as “ balanced ration ”, 
By analysing and augmenting these three most fundamental points, we should find 
the following essentials of an ideal ration:— 

(1) The balanced ration should contain most appropriate quantity of— 

(o) Starch equivalent (S. E.) for maintenance. 

(6) Ditto production. 

(c) Digestible proteins (D. P.) for maintenance. 

(d) Ditto production. 

(2) It should possess an appropriate amount of bulk (dry matter) 

(3) Ditto (mineral matter). 

(4) It should not be lacking in any of the vitamins. 

(5) It should have good taste and aroma to be sufficiently palatable. 

(6) It should be free from such ingredients as would either afiect the growth 
and health of the animal or the quality or quantity of its products; and 
finally, 

(7) It should be moBt economical. 

Balanced Ration as regards Food Constituents. 

The starch equivalent (S. E.) of a feeding stuff may be defined as the number of 
pounds of pure starch that the animal would require to digest in order to supply 
the same quantity of net energy as 100 lbs. of the feeding stuff in question. 

( 312 ) 



FBXDIHO Of f ABM OATTLB 


818 


The system of starch equivalents gives the aotual net energy value in a single - 
figure for each feeding stuff. Starch equivalent varies according to the type of the 
animal that consumes it. 


8. B.for Maintenance. — It has long been proved by definite experiments that 
cattle of 1,000 lbs. live weight require 6 lbs. of S. E. for maintenance, that is to say, 
to supply (a) heat to keep up the body temperature, ( b) energy to do the internal 
work and (c) materials to make good the ordinary wear and tear of the body 
without causing an increase or deorease in live weight. Mere maintenance ration 
keeps the animal at a fixed live weight or in a state of non-production. Further, 
maintenance ration is proportional not to the body weight but to the area of the 
body surface; and since the body surface varies as the two-thirds power of the live 
weight, the formula for determining the maintenance requirement would be 


(Actual live weight) 
1,000 


X 


6. However, to avoid the trouble of reducing this 


intricate formula to a single figure, the writer, deducing from a plotted graph 
suggests as follows:— 


(a) for every lb. above 1,000 lbs. live weight (L. W.) up to total L. W. of 1900, 
add *04 lb. of S. E. 


(b) for every lb. below 1,000 lb. L. W., deduct roughly *036 lb. of S. E. The 
formulae which require very little calculation will therefore be as follows:— 

1. for animal weighing 1,000 lbs., give 6 lbs. of S. E. 

2. for animal weighing above 1,000 lbs., give 6 f (1,000—actual L. W.) X 

•04 lbs. of S. E. 


3. for animal weighing below 1,000 lbs., give 6—(1,000 —actual L. W.) X "03G 
lbs. of S. E. 


5. E.for Production.— Production in cattle may be of any of the following 

types:— 

1. Growth of foetus. 

2. Growth of young aDimal. 

3. Fattening. 

4. Milk yield. 

6. Work of draught. 

The following figures give approximate quantities of S. E. necessary for units of 
production. 

Growth of foetus .—Give 1 lb. S. E. 
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Growth of young animal (without fattening). 

at the age of— 

0-3 months IJ lb. S. E. per lb. L. W. inorease. 

3-6 I* H »> »» *> » 

6-12 •» 2 M it i» •> 

12-24 tf 2J ff h » » 

Fattening .—In India fattening of cattle is not in vogue as a rule, nor does it 
ever constitute a primary industry. However, when the cattle have ceased to 
produce economically in other directions they are sometimes fattened off before 
they are sold to the butcher. 

The following amount of S. E. may be given for the purpose of fattening 

Early stages.2J S. E. per lb. L. W. inorease 

Last stages.3} M ,, „ „ 

A\erage of the whole period . • . . 3 ., „ „ 

Milk yield — 

Quality of milk (fat percentage) . . • . S. E. per lb. of milk yield. 


3*5 to 4 . « • . • • • • *26 

6 to 6*6. *30 

61° 7.'35 | tentatively suggested. 

above 7.'4 ) 


Work of draught .—Since no accurate measure of work is available it is impossi¬ 
ble to suggest any satisfactory figures ot S. E. per unit measure of work. However, 
the following figures (Watson, J. A. S. and More, J. A.) may be taken into consi¬ 
deration. 

The S. B. per 1,000 lb. 


Severity of work. L. W. for every 

hour wrought. 

Light work 

(carting, interoulturing, etc.). 1 

Heavy work 

(ploughing, lifting water, eto.). 1*26 


D. P. for maintenance .—The maintenance requirement of protein is propor¬ 
tional to the live weight, although different proteins are not of equal value. A 
deficiency in any “ building stone ", e.g., tryptophan will act as limiting factor and, 
in order that it should be supplied in due quantity, larger amount of protein 
is required to be Supplied in order to maintain the balance. A rough 
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however, for cattle on an ordinary mixed diet has been suggested as *06 lb. of D. P. 
per 100 lb. L. W. 

D. P. for Production. —The following figures give approximate amount of D. P. 
necessary for units of production:— 

1. Growth of foetus :— 

•03 lb. D. P. 

2. Growing young animals :— 

at the age of— 

0-6 months 0*22 lbs. D. P. per lb. L. W. increa e. 

6-12 „ 020 „ 

12*21 yy 0*18 yy yy yy 


3. Fattening :— 

Early stages 0*15 lbs. 1). P. per lb. L. W, increase. 
Last stages 0*05 ,» „ „ 


4. Milk yield :— 

Quantity of milk (percentage of fat) 
3’5 to 4 . 

6 to 5-5 . • . 

6 to 7 • • • • 

over 7 . • . • 


D. P. per lb. of milk yield. 
*055 
*066 

*077 j tentatively suggested. 
*088 S 


A Suggestion for Future Work . 

The writer is conscious that although the principles given above look quite 
simple on paper, they are by no meanR easy to follow in actual practice, for reasons 
that S. E. or D. P. of many of the Indian farm products are not determined and 
that even some of the biggest farms in India do not possess any balance or similar 
contrivance to weigh the animals. To overcome these difficulties it would be an 
ideal and at the same time workable plan to co-relate age with average weight of 
each breed of cattle in the same tract with the same environmental conditions. 
Since this cannot be done by individual farmers, the Department of Agriculture of 
each Province should arrange to work out such co-relations for the benefit of the 
farmer. Departure from such average co-relative figures should either be negligible 
or exceptional if average of a large number of cattle which should really belong to 
a pure breed (and not heterogeneous) is made, when such co-relations are deter¬ 
mined for each breed of a tract, it will be just a step further involving only a little 
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additional effort and expense on the part of the Agricultural Department to supply 
farmers with the following details tabulated as under:— 


Breed.Traofc.Average annual rainfall, 






| Ration for production 

Age 

Average 

weight 

Ration for 
maintenance 

Growth of foetus 

Growth of 
young animal 
per lb. L. W. 
increase 

Fattening per 
lb. L. W. 



a E. 

D. P. 

S. E. 

D. P. 

S. E. 

D. P. 

S. E. 

D.P. 




| Ration for production 

Age 

Average 

weight 

Per lb, of milk yield of fat percentage 



3*5-4 

6—5*5 

6—7 

Above 

_ 1 

; 

a e. 

D.P. 

S. E. 

D. P. 

S E. 

D. P. 

S. E. 

D.P 


It should be borne in mind that the quantities and proportion of food consti- 
tuents recommended above should by no means be taken as constituting the exact 
balance but merely a sort of most convenient form to begin the trials to adjust 
the ration. The following reasons show why mathematically definite ration cannot 
be recommended. 

1. No two animals, however similar, can digest the same food to the same 
extent. 

2. Digestibility of a food may also differ in animals of different ages. 

3. Meteorological or environmental factors may also alter the digestibility of 
food stuff. 

4. Digestibility of a feeding stuff has been determined by feeding the animal on 
one kind of food stuff alone. But there are evidences to show that in a mixture, 
one kind of food stuff may increase or decrease the digestibility of another. 
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5. Chemical composition of a plant and food may also vary according to the 

(i) Age or maturity at which the plant or its products are obtained, 

(ii) Variety or strain of the plant, 

(iii) Manurial or cultural treatment, 

(iv) Handling and condition of storage, 

(v) Season, rainfall, etc., etc. 

Henoe judgment, deep study and proper management are the keys to the 
success of cattle enterprise. 

Dry Matter. 

For cattle the total bulk of the ration Bhould not be below 1J per cent, of the 
live weight daily, nor should it exceed 3| per cent. The former figure should be 
taken in the case of animals on a maintenance ration, while the latter is applicable 
in the case of such animals whose production is exceptionally high. The writer 
believes that for average Indian cattle the ordinary sort of production ration should 
contain a quantity of dry matter equivalent to about 2£ per cent, of the live weight. 
Sinoe air-dry food stuff such as hay, kadbi, cereals, bran, cake, etc., contain on an 
average about 86 per cent, of dry matter, if the quantities of these equivalent 
to 3 per cent, of the L. W. be given it will make up 2| per cent, dry matter bulk. 
Similarly any succulent feed such as silage and green fodder in general, which con¬ 
tain on an average about 26 per cent, dry matter (except cabbages, turnips, etc., 
which are not fed as a rule in India) may be given in quantities equivalent to 10 
per cent, of the L. W. in order to make up the required bulk. Thira to arrive at a 
correct figure of bulk of ration multiply the L. W. by -03 in the case of air-dry 
food stuff alone and by ’1 in the case of succulents alone, and if the mixture of 
these is to be fed, then determine first the quantity of succulents per ration (for it 
is succulents that are required to be apportioned and not all the air-dry foods, most 
of which can be had all the year round) and then determine the quantity of air-dry 
food stuff according to the following formula of the writer 

D=‘03 (W—10S), 

where D=air-dry foodstuff, W=L. W., & 

8— Succulents. 

Example :—A farmer has got 10 cattle of average weight of 950 lbs. each. He 
has at Mb disposal 10 tons of silage and 20 tons of kadbi wMch he has determined to 
feed for 7J months. How much of each should he apportion for each animal and 
how muoh of concentrates per animal should he feed in addition, in order to make 
up an appropriate bulk ? 
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1\ months = 224 days. 

Days X number of cattle = No. of total feeds = 224 X 10 = 2240. 

Silage (S).— 

Total quantity in lbs. -+• No. of feeds = No. of lbs. per feed. 

= 22400 - 2240 = 10 lbs. 

Kadbir- 

Total quantity in lbs. -f- No. of feeds = No. of lbs. per feed. 

= 44800 -*■ 2240 = 20 lbs. 

Total air-dry matter = D. 

D =» *03 (W.— 10 S) = *03 [950—(10 X 10)] = 25*53. 

Remaining air-dry matter which will probably be concentrates. 25*53—quantity 
of kadbi which has already been apportioned = 25*53—20 5*53 lbs. 

Mineral Matter. 

Mineral matter is absolutely essential for the formation of bones in the growing 
animals, and for the secretion of milk in which it occurs as a constituent whose 
percentage being invariably the same, viz., 15 per cent., acts as a limiting factor for 
the production of milk. It is also an essential constituent of blood and muscles 
and all the digestive secretions ot the body, and is responsible for giving tone to the 
physiological activities going on in the animal body. Its presence in the ration 
increases the digestibility of the latter and thus enables the animal to derive more 
energy and proteins than it would do without it. Mineral salts like sodium dhloride 
render the food to the animal more palatable. Besides being absolutely essential 
for production, it is also required for maintenance of the animal, since continuous 
loss is taking place in the animal in the form of excretions, viz., perspiration, 
hair, horn of the hoof and the dung. The dung derives its mineral matter from 
the secretions of the body into the alimentary canal. 

Mineral matters that are likely to be wanting in required quantities in the 
ordinary ration are common salt, lime and phosphates. These may be administered 
in the following ways. 

Common salt in orude form may be administered either mixed with ration or 
else by placing a lump or rock in some conspicuous situation in the byre so that 
cattle may help themselves to it by licking the same at their will. 

Lime and phosphates may be administered either mixed with the ration in the 
form of ground phosphate rock, or meat, fish, blood or bonemeal in all of which 
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these ingredients are found in large quantities. These may also be supplied through 
feeding the crop richly manured with these. It may be remarked here that mineral 
matter administered as organic salts being more readily ionisable, is probably better 
assimilated than that as inorganic salts. Hence it is always a better and, at the 
Bame time, more economical method to feed lime and phosphates through manuring 
the food plant rather than mixing the same in the ration. Like balanced ration, 
recommendations as regards appropriate total quantities of lime and phosphates 
and the proportion in which these should be given, are also made by some workers 
both for maintenance as well as for production. But this is apt to make the whole 
system of rationing more complicated rather than easy. It will suffice to bear in 
mind that assimilation of CaO and P 2 0 B takes place in the proportion of 1 to 1 or 
in equal quantities, so that any quantity given in exoess will not be assimilated. 


Vitamins. 

Space does not permit to enter at length into the discussion about ‘ accessory 
faotors' or * Vitamins' which are quite recently distinguished to be of five types 
A, B, C, D, and E. Without any of these the animal cannot grow normally and be 
in a healthy condition, e.g., absence of ‘ fat soluble A ’ brings about xerophthalmia; 
absence of ‘ water soluble B * gives rise to the beri-beri disease and that of C to 
scurvy, etc., etc. 

The quantity of each of these vitamins required is really very small and the 
supply need not be continuous as reserve can be stored by the animals in their glands. 

It will, however, suffice to bear in mind that deficiency of any of these 
vitamins would scarcely occur if ration for cattle contains variety of food, includ¬ 
ing fresh leafy portions of plants, for at least a part of the year in good amount. 


Taste and Aroma. 

Cattle relish palatable food. Palatability increases the secretion of saliva and 
induces the animal to chew the food more efficiently with the consequence that its 
digestibility is increased. To increase palatability of a ration it is not necessary to 
add any condiments. On the other hand, to accustom the animal to the use of such 
substances should rather be avoided, except in case of fodder of inferior nature. 
Other things being equal, a ration which includes a variety of food stuffs is 
generally more palatable. Any food to which the animal has not been accustomed 
is likely to prove repulsive in the beginning, but on continued use and if introduced 
gradually this may be kindly tal.en to; otherwise its flavour should be masked by 

2 F 
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better flavoured substances. Badly handled and ill-stored food, owing to the 
development of rustiness and rancidity, becomes less attractive. It should be re¬ 
membered as a maxim that there is nothing more attractive to oattle than food 
stufEs that smell rather fresh. Very dry foods or meals with gritty partioles may 
be made more palatable and appetizing by soaking in water before feeding. 

Freedom from Undesirable Ingredients. 

Besides feeding value, palatability, etc., a food stuff requires to be judged on 
its merits or demerits of producing special effect immediately or in a cumulative 
manner on the general health of the animal, its particular physiological activities 
or quality or quantity of its products. For example, free use of treacle interferes 
with the breeding power. Decorticated cotton cake, if fed in excess, will bring 
about costive effect and is therefore more suitable in the beginning of monsoon 
when the flush of the green young grass brings about laxativeness. Palm kernel 
cake causes slight but apparently permanent increase in the percentage of fat. 
Cotton cakes, coooanut cakes and bean-meal tend to give a hard butter, whereas 
linseed cake and fresh grass tend to make butter soft and greasy. Fresh grass, 
however, imparts a yellowish colour and hence its addition in ration in butter¬ 
making farm is important. 


Economy in Feeding. 

Determination of appropriate quantities of food stuff and balancing of ration 
are in themselves attempts towards economy so that maximum net returns arc 
obtained with the minimum cost of feeding. But there are a few other points that 
deserve to be considered here as well. 

An animal whose total production is greater requires less food per unit of pro¬ 
duction than one whose total production is less. Within the same breed there is 
little difference in weight between a heavy producer and a low producer of the 
same ages. Hence the cost of maintenance part of ration is more or less the 
same in each case, irrespective of the amount of production. The cost of 
production of a part of a ration is however proportionate to the total amount of 
production. The cost, therefore, of maintenance, housing, attendance, care and 
management of an animal beoomes less and less per unit of prodution as its total 
production increases. 

In order to understand where economies can be most easily effeoted, it is 
essential to analyse the costs of production. Such analysis is however not available 
for India. But the following figures taken from the “ Report of the Travelling 
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Commission of Enquiry into the cost of production of milk ” for Qreat Britain show 
how the cost of producing a gallon of milk is distributed:— 



Winter 
per oent. 

Summer 

percent. 

Cost of Foods (including grazing) . 


. 

• 

. 

. 

720 

530 

Cost of labour .... 

• 

• 

• 

• 

. 

11*7 

14*2 

Proportion of rents and rate© 

• 

• 

. 

. 

• 

1*4 

2*1 

Depreciation— 








(a) Cows. 

• 

. 

. 

• 

* 

10*0 

21*4 

(b) Plant and machineries . . 

• 

. 

. 

. 


0*0 

1*0 

Repairs and miscellaneous . 

• 

. 

. 

. 

. 

2*3 

5*0 

Deliveiy (to station or buyer’s promises) 

• 

• 

• 

• 

• 

20 

3*3 







100*0 

100*0 


These figures show that the cost of food is by far the most important single 
item, amounting on an average to almost two-thirds of the total annual cost. In 
India where the cost of labour and proportion of rent and rates are rather low when 
compared with the rest of the other items, and the grazing is rather limited, the 
cost of food may amount to as high as 80 per cent, or four-fifths of the total cost. 
But in the absence of reliable data it may tentatively be taken as a safe figure to 
the amount of about 75 per cent, or three-quarters of the total cost. Hence 
economy in feeding is much more important than the same in the rest of the items 
taken together. 

Economy in the cost of feeding may be effected in four different ways:— 

1. Evolving strains of better yield by breeding. 

2. By having the ration well balanced. 

3. By reducing the cost of production of home-grown food. 

4. By purchasing the cheapest suitable food. The word “ suitable food " 

is taken to mean as food possessing palatability, laxative or binding 
effect, mineral content, and either energy or protein whichever may be 
deficient. Purchasing food stuff on the basis of food unit system, though 
apparently seems quite all right, the proper method would be to purchase 
such food as contains the cheapest source of energy alone or protein 

2f3 
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alone whatever may happen to be deficient in the home-grown food to 
give a balanced ration, and not neoessarily of both of these. However, 
if deficiency of both is felt, then purchase cheapest kind of such food 
stuffs whose ratio of S. E. to D. P. corresponds to that in deficiencies. 

Cost of transportation is proportional to bulk and not the quality. Hence it 
is advisable to grow as much of required quantity of bulk on the farm as will 
conveniently fit in with the cropping scheme. Another consideration should be 
to grow such crops whose cost of production per S. E. is least leaving out of count 
the cost of D. P., as the latter will either balance itself or if there be any defici¬ 
ency, it will be comparatively so small and its quality rather so high that it can be 
purchased at no great cost. Besides, purchasing concentrates for the farm stock is 
better economical method of enriching soil with manurial constituents rather than 
application of the same to the soil direct. 

Noti. — S. £. for Indian food-staffs under Indian conditions have not been determined, bat these 
axe computed from chemical analyses by Prof. Baluch, B.Ag., Manager of the Agricultural College Dairy. 
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Some breeding Investigations on Toria and Sarson* Ali Mohammad, Ram Dhan 
Singh and Zapab Alam (The Ind. J. Agri. Science , 1, 109). 

In Toria and Sanon, two important Punjab oilseed plants, floral meehanism provides 
few chances for natural selfing. Under bag tbeir flowers 'produce seed shyly, four years* 
average having given only 12*i and 20*1 per cent, of pods respectively, and those too with greatly 
reduced seed-bearing portions, containing about l/40th and l/27th respectively normal seeds of 
those produced by free-flowering, insects-visited blanches. Yellow-seeded Sarson, however, gives 
excellent setting under bag. 

Artificial selfing in Toria and brown-seeded Sarson somewhat increased pod-setting. This 
increased production remained far short, however, of that given by free-flowering branches. 

The high amount of self-sterility prevailing in these tuo plants is concluded to be due to inter¬ 
nal causes, self-incompatibility. 

A cloudy, humid, rainy November affects Toria yields adversely, because in such weather 
insects do not come out to pollinate the flowers. 

Due to lack of natural selfing and to self-sterility prevalence, lessened vigour wa° to be expect¬ 
ed in both, from inbreeding. Direct evidence has veiified this for Sarson . So must be the case 
with Toria . Therefore, in both pure lines as such do not promise direct economic utility. To 
obtain improved varieties, some sort of group-breeding must be followed. 

In both, red-coloured seeds weigh less than blackish ones. 

Sarson crosses readily with Toria, turnip and mustard, and Toria readily with Sarson and 
turnip. [A. M., R. D. S. and Z. A.] 

Studies in Indian Oil Seeds 5. The Inheritance of Characters in Linseed. 

P. J. P. Shaw, A. R. Khan and M. Alam (Ind. J. Agri. Science, 1, I). 

(1) The present study of inheritance of characters in linseed has established that the petal- 
colour in Indian types of linseed depends on ihe interaction of at least seven hereditary factors, and 
this is in general in agreement with the investigations of Tammes based on European types of 
linseed. The main difference oonsists in the action of the intensification factor A which according 
to our evidence is either homozygous in all our types or is altogether absent in them. We have 
further evidence to postulate an additional factor N which reduces the intensity of colour in 
petals. Bo far we have no evidence to split up the factor 6 iuto Bj and and it is also considered 
that D alone (in absence of B) can produce faint blue tinge in the petals, if E is present. 

In the study of all other characters our theories differ materially from those put forward by 
Tammes 

(2) The crimped petals as noted in some of our types are produced by the interaction of three 
factors, namely, C, D and E, which determine petal-colour. The orimped petals appear only when 
all these three factors are present. In absence of any one of them, the petal is non-crimped. A 
fourth factor B stops the formation of crimped petals even when 0, D and E are all present. In 
all the genotypes with B the petal is always non-crimped, irrespective of the pretence or absence 
of other factors. This differs materially from Tammes' theory. 

( 823 ) 
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(8) Our theory on the development of oolour in eeed in again very different from Tammes. 
On our evidence the inheritance of colour in seei-coat is dependent on four separate factors, namely, 
D, M, G and X, one of which (*.*»., D) determines flower-colour as woll. M, in the presence of D, 
converts the fundamental yellow colour into fawn, and, if G is also present* fawn is changed into 
biown. If, however, D is absent, M has no action and the fundamental u yellow ” colour is re¬ 
tained. This yellow changes to 44 grey ” on addition of the factor G; this will, of course, become 
brown when D is added to it. The factor X acts only as an intensification factor converting yellow 
into dark yellow and fawn into dark fawn. Its action on grey and brown seed has not been noted. 

(4) The inheritance of colour in anthers is determined by the factors B and D (which also 
determine petal-colour) in addition to another factor H (as suggested by Tammes) for which all our 
types are homozygous. In this case wo entirely agree with Tammes. 

(5) In the case of the stylo also all our typos appear to be homozygous, for the factor or faotors 
which determine colour in this organ and henco in all our crosses the colour in 6tylo is determined 
by the presence or absence of some of the petal-colour factors, *.e., B, C, K and E or F. Styles are 
blue only in those gcnoty]>os that possess these factors. 

(tt) The inheritance of colour in filaments iei dependent on several Mcndelian factors in addi¬ 
tion to some of the petal-colour factors. Thus the colour in filament appears only when either 
of the duplicate factors Z x and Z a are present, and also the petal-colour factors B, 0, K and E or F. 
Apart from the duplicate factors Z t and Z a , an inhibitory factor T determines the extent of colour 
in it. In the presence of this factor the colour produced by Z x and Z a is limited to the distal end 
of iho filament os it occurs in Type 11. 

In connection with the study of inheritance of colour in filaments, stylos and stigma, it may be 
noted here that crosses Nos. 1 to 8 were made from an economic point of view and hence they do not 
necessarily include tlio types which may be mo^t valuable for a complete genetic analysis of Indian 
linseed. Wo have, however, established that the development cf colour in these organs is dependent 
on definite Mendelian factors, which act in conjunction with some of the factors for petal-colour 
and that in certain types the development of colour is further controlled by inhibitory factors. 

(7) The colour in stigma is determined by a factor P which produces pink colour only when 
the factors B and C are piesent. If D is also present the stigma-colour is purple. An* inhibi¬ 
tory factor 44 1 ”, whenever presont, turns purple or pink stigma into w hite. 

(8) About 80 new hybrid linseeds have been isolated from these eros&es and the most 
promising types are being tested for yield and oil-contont. [F. J. F. 8., A. K. K. and M. A.] 


Osmotic and Suction Pressures of the Rice plant (Oryza sativa L.). R. H. Dastur 
and E. Baptista (Ind. /. of Agru Science* K 166). 

The osinotic pressure of the roots and leaves of the rice plant during the whole season was mea¬ 
sured by the plasmolytic method of de Vries, different molecular concentrations of pure cane 
sugar solutions being used as plasmolysing fluids. The osmotic pressure in all the regions of the 
plant showed a periodicity* As the season advanced, the osmotic pressure rose, reached a maxi¬ 
mum and then fell. Manuring with ammonium sulphate seems to increase the pressures. The 
osmotic pressure of the root increases from the apex towards the base, and in the leaves from 
the hose towards the apex. These relations between the osmotic pressure of the different regions 
are maintained during the whole active period. 
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The suction pressure of the plant was also determined during the whole season and a similar 
periodicity was observed as in the osmotic pressure. Manuring had a like effect. The suction 
pressure at the end of the season rose. This is an important point as it was found that at the 
end of the season the suction pressure was very nearly equal to the osmotic pressure. 

A suggestion is made for making use of the changes in osmotic pressure produced after 
manuring with a salt to determine whether the salt is absorbed by the plant or not. [R. H. D. 
and E. B.] 

Milling and baking tests with some Indian wheats grown at Pusa and at 
Mirpnrkhas (Sind). F. J. F. Shaw. Ini. J. of Agri. Science, Vol. I, Pt. Ill, 
in the press.) 

Wheats Pusa 4, 12, 52, 80-5, III and 114 were grown at Pu*a aud Mirpurkhas (Sind) and 
were sent to England for milling and baking tests. Samples of Sind wheats—C. P. H. 47, A.*T. 
38, G. S. 25— and a sample of Choice White Karachi were also sent. Wide variations in type 
and quality have been encountered amongst the sixteen samples—so much so, that tho extremes 
almost might be said to typify “ strength ” and “ weakness On the whole the Pusa samples 
appeared of much higher quality than the Sind though it is perhaps not justifiable to make a 
clean-cut division. Certainly the finest samples wore amongst the Pusa set, and of these Pusa 
111 was outstanding. It appeared to be equivalent in value to a good Manitoba wheat, and wc 
have no hesitation in saving that it should be of commercial importance as a strong wheat. It 
wns most attractive in appealance although quite unlike Manitoba, its bright amber colour being 
in sharp contrast to the typical Manitoba red. It was of excellent milling quality. It appeared 
to olTot no difficulties as regards conditioning treatment, and it seemed distinctly easier to mill 
than most customary hard wheats. It gave a high yield of flour which was of good appearance 
(of the hard wheat flour type), and had a remarkably low ash content and high protein content. 
Like many hard wheat flours it was not a good gasser. In the bakehouse it gave a dough of 
excellent handling qualities, with the wide fermentation tolerance of a strong flour, and excellent 
bread. It appeared to have the blending value of a strong flour. Pu*a 80-5 was nearly as good 
generally as Pusa 111 Next in Older of meiit but a long way behind came Pusa 4. 

A wheat of a weaker type may on account of certain qualities be of just as much commer¬ 
cial importance as a strong wheat In this connection certain of the Sind samples appear to 
deserve mention. As relatively weak wheats Pusa 12 and Pusa 114 appeared to havft high 
blending value. They milled well as relatively soft wheats, and gave good white flours. Pusa 
12 had a normal protein content for soft flours, but Pusa 114 had comparatively high protein 
content. It is true that they wore not good gassors, and they had the restricted fermentation 
toleranee of weak flours, but they gave dough of good handling qualities, from the blending 
point of view, and they appeared to fine advantage in the bread. Prom all points of view these 
were superior to ordinary Karachi wheat as commercially used for blondiug in this country. 

y»ny of the remaining samples may bo said to fall between two stools in the Bense that 
they possess neither the degree of strength of the best Pusa samples, nor the value of weakness 
for blending purposes of tho best Sind samples. 

The poorest samples are fairly definitely C. P. H. 47, A. T. 38 and Choice White Karachi, 
which aro certainly of no rnoro value than ordinary commercial Kurachi wheat. 

Any farther attempt to rank the samples in order of merit must bo tentatively made, and 
then in connection with the Sind samples alone. Pusa XI1 and Pusa 12 are best left apart for 
reasons diqputsed. 

The order of merit of the remaining Sind samples might he as follows 
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Pusa 80-5, Pub* 4, Pusa Ill, G. S. 25, Pusa 52, Choioe White Karachi, C. P. H. 47, and 

A. T. 88. 

C. P. H. 47 and A. Y. 88 are distinctly poorest; perhaps a fairly sharp dividing line might 
be drawn between Pusa 52 and Choice White Karachi. [h\ J. F. S.] 

Coimbatore cane varieties in flooded areas of Florida. W. Newell. 

(Florida Expt. Sta. Arm. Report, 1929.) 

The Coimbatore canes, especially Co. 281, were found to be remarkably indifferent to the 
flooded conditions attendant on the Miami hurricane. The conditions of water-logging to which 
this cane was subjected extended over a period of some three months. Following the subsidence 
of the water all bjids upon physically, sound cane wore found to be haid and viable and the 
germination of under-ground buds was found to be normal. (Facts about Sugar , Vol. 25, 
No. 29, December 19*30.) 

Notes on the Bionomics and Anatomy of Corixoneura longirostris , 
Hardwicks. S. K. Sen. Ini. J . of Vet . Science and Animal Husbandry, 1, 24). 

At Muktesar (Kumaon . 7,500 ft.) the seasonal pievalence of Corisoneura longirostris ex¬ 
tends from the end of July to the beginning of September* and during this period they have 
been frequently observed to fted upon flowers of JRescoea purpurea, Smith (Family Scitamineae), 
these flowers making their appearance and disappearing about the same time as the flies them¬ 
selves. 

It appears that the mouth-parts of the female are adapted for sucking mammalian blood. 
In the course of the dissections large quantities of blood wore detected in the alimentary tracts 
of at least two specimens, whilst in one instance a fly was actually observed to suck blood fiom 
a pony. 

About 150 eggs, apparently in an advanced state of maturity, were dissected out in one 
instance. Attempts to induce the flies to oviposit in captivity were unsuccessful. 

The reproductive tracts of both male and female Corixoneura longirostris are briefly described. 
[S. K. S.] 




PLATE XXIV. 





NOTES 

METHOD OF GROWING SUGARCANES FOR SPECIAL STUDIES. 


In the intensive study of sugarcanes at the Imperial Sugarcane Station, 
Coimbatore, various methods of growing the cane had to be devised to answer 
special requirements. Certain of these were designed to follow up the evolution 
and growth of the root system [Venkatraman and Thomas, 1924 ; Venkatraman and 
Thomas, 1929; Thomas, 1927]. 

Of these the growing of the plant from a vertically planted sett has proved 
useful in following up the shoot development as well, as in this method the process 
takes place at a convenient height above the soil. Yet another method with the 
same object in view has since been designed and is illustrated here (Plate XXIV). 

The method consists in placing a cane piece with the two ends planted in soil in 
earthen pots one at each end. All the buds in the cane piece are carefully removed 
with the exception of the central one. By applying the proper amount of moisture 
to the earthen pots at either end, roots develop from the two end nodes ; and the 
central bud begins to grow and develop into an ordinary plant. It has been found 
possible to keep the plants growing almost normally for about four months. The 
whole cane piece remains healthy and sweet, apparently because of the active 
transmission of food material from either end to the growing plant in the centre. 
Other uses of the method would include the study of the changes in the juice of the 
cane at different stages of growth by periodically extracting the juice with a hypo¬ 
dermic syringe. The method is here published as other uses might suggest them¬ 
selves to others engaged in sugarcane investigations. [R. Thomas and T. S. 
Venkatraman.] 


REFERENCES. 
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A HAND TALLY COUNTER. 

Among the various labour-saving devices that are in use in the Agricultural 
Experiment Stations in the United States of America the Hand Tally Counter 
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seemed to be an extremely useful instrument to the writer. He has used it in 
counting healthy and dead plants in fields, in counting the leaves, flowers, pods, and 
bolls on plants, in counting sclerotia on potatoes affected by Rhizoctonia, in count¬ 
ing the spores of fungi under the microscope, in counting bacterial colonies in agar 
plates and in a variety of other ways. Its use to the plant breeder and geneticist, 
the plant pathologist and the bacteriologist, and the general agriculturist is thus very 
obvious. 

The instrument has four figure wheels operated by pressure of the thumb lever. 
It can count up to 9, 999 and sets back to zero from any figure by ono turn of the 
knob at right (Plate XXY, fig. 1). The counter can be held in either hand for use 
by slipping the finger ring on the proper finger. Plate XXV, figs. 2 and 3 further 
illustrate this instrument and the way of using it. In America it costs five dollars 
and it should not cost more than Rs. 15 in this country. [B. B. Mundkur.] 


VALUE OF GREEN BERSEEM FODDER. 

hi replacing guar from a concentrate mixture in case of average Kankrej cows 
weighing 850 lbs . and yielding 10 lbs . of milk (from three teats , one being suckled 
to the calf) testing <3*5 p. c. fat under Chharodi conditions. 

According to the conditions obtainable at Chharodi, the milch cows (Kankrej 
breed) receive concentrates in a mixture which may consist of different ingredients 
in different parts, at different times of the year. 

t 

Berseem was grown for feeding it as green fodder to Chharodi farm cattle 
for the first time during the course of the agricultural season of the year 1929-1930, 
and it was desired to test the feeding value of green berseem fodder in replacing 
any one of the food stuffs in the concentrate mixture ; guar (Cyamposis psoraloides) 
was thus selected for being given a trial. 

A scale of ration that would generally be given to an average Kankrej cow 
yielding 10 lbs. of milk (from three teats) are worked out as under. 


Wheat bran.1J lbs. 

Til cake.1J „ 

Guar. 1 lb. 

Tur phol.l „ 


5 lbs. 
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To the above ration one ounce of common salt was added and rock salt 
pieces were kept in the feed-trough of the animals at all the times. 

The roughage requirements of animals were supplied from dry grazing in the 
pastures supplemented with hay served ad libitum, in the yards. 

The above-shown mixture of concentrates together with hay would go to 
supply the following nutrients:— 


Names 

Dry mattter 
in lbs. 

Digestible 

crude 

protein 

'i otal 
digestible 
nutrients 

Nutrition 

ratio 

Roughages— 





Hay 18 lbs. 

10*20 

•350 

9-740 


Concentrates— 





Wheat bran 1£ lbs. 

1*30 

*175 

931 

•• 

Til cake 1J lbs. .... 

1*35 

*507 

1*231 

*• 

Gum 1 lb. .... 

*90 

•220 

•320 

•• 

Ttir pkol 1 lb. . 

*91 

032 

! 

•820 

j 

•• 

Total 

20-72 

1-344 

13 04 2 

8-7 


According to modified^ Woo IT and Lehmann standard, requirement of a cow 
weighing 8Q0 lbs. yielding say 14 lbs. of milk (from the four teats) would work out 
as under:— 


— 

| 

Dry matter 
in lbs. 

Digestible 

crude 

protein in lbs. 

Total 
digestible 
nutrients 
in lbs. 

Nutrition 

ratio 

Maintenance— 





Requirements • . • • 

13*53 

0 031 

7*15 

10-33 

For 14 lbs. of milk testing 3*5% fat 

802 

0-680 

4*424 

5-45 

Total 

21*55 

1-317 

11-57 | 

7-8 
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Experimental Work. 

With a view, therefore, to see if 10 lbs. of green berseem fodder can be equal 
to one pound of guar in feeding results, an experiment was undertaken. Number 
and grouping of animals:— 

Six cows were selected for the purpose of experiment and these were arranged 
into two groups of three each, as under:— 


Name with breed number and year of 
birth 

Advancement in 
laotation 

Average milk 
yield of 7 days 
before experiment, 1 
17th to 23rd 
February 1930 

Average live 
weight for 6 days 
before experiment, 
18th to 28rd 
February 1930 

Group A. 

Months 

Lb*. 

Lbs. 

Corati36—1923 

6-5 

9*53 

939 

Patli 313—1816 

4-25 

7*28 

826 

Ujol 298—1916 .... 

2-75 

9*F3 

889 

Average. 

4*5 

8*78 

884*66 

Group B. 




Vapjori 27—1923 • . • • 

6*25 

9*57 

852 

Ranebhi 38—1921 • • • • 

6 

6*78 

889 

Vanar 10—1920 • • • • 

275 

11*21 

883 

Average •••••• 

6*0 

9*18 

874*66 


All the above six animals were brought to the uniform treatment as regards 
the feeds after their selection by giving them for a period of seven days uniform 
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ration at the rate of 0 lbs. (1£ lbs. wheat-bran, 1} lbs. ttf-cake, 1 lb. guar, 1 lb. 
tur phol). Their milk production during this period as well as their live-weights 
were as under:— 


Names 

Milk yield average 
of 7 days from 24th 
February 1930 to 
2nd March 1930 

Live weight average 
of 7 days from 24th 
February 1930 to 

2nd Maroh 1930 


Lbs. 

Lbs. 

Group A. 



Gomti—-1923 .. 

982 

952 

P*tll—1916. 

7-18 

853 

Ujol—1916. 

10*07 

895 

Average. 

9*02 

900 

Group B. 



Venzri—1923 . 

928 

854 

Ranebhi—1921. 

7*21 

907 

Vanar—1920 . 

1103 

878 

Average. 

917 

879 


It will be seen from the above that the two groups were as uniform as could be 
had from the herd. All the 6 animals were carrying suckling calves, an<| it was 
arranged that the calf should be suckled from one teat alternately. The yield, 
therefore, recorded here is actually from three teats. 

The experiment was conducted according to the two methods, firstly with the 
well-known reversion method and then with the method wherein all the 6 animals 
under experiment will go through the same treatment during a particular period. 
The latter method, instead of giving a trial once more to the reversion method, has 
to be adopted lest something going wrong with an animal or animals may go to 
vitiate the results. 

In the statement that follows, the results under periods I and II are those ob¬ 
tained with the reversion method, and those under III, IV and V are from the 
"same treatment ” method, 
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The statement gives in full all the details of the experiment as well as the 
results. 


I 

ii 

in 

IV 

D 

VI 

VII 

VIII 

Treatment 

Full guar 
(1 lb.) ra¬ 
tion (no 
berseem) 

l\b.+5 

lbs. ber¬ 
seem 

Full 
berseem 
ration 
(10 lbs.) 
(no guar) 

No. 

o! 

days 

Average 

Live 

weight 

lbs. 

Milk 

yield 

lbs. 

Fat per¬ 
centage 
in milk 






( 885 

8*78 


Preliminary observation, 

A-fB 



.... 




17th February 1930 to 


H 



( 874 

9-18 

• •• 

2,3rd February 1930. 













C 900 

902 


Standardizing period, 24th 

A-fB 

H * 


7 




February 1930 to 2nd 





( 879 

917 

... 

March 1930. 













( 899 

9*37 


I Change period, 3rd March 

B 

A 


2 

> 



1930 to 4th Maroh 





( 874 

9*67 


1030. 













r 900 

9 98 

4*07 

I Experimental period, 6th 

B 

... 

A 

7 

) 

j 



March 1930 to 11th 





( 880 

9*27 

4-00 

March 1930. 













C 909 

9-08 


Change period, 12th March 

... 

A4 B 

# a 

o 

) 



1930 to 13th March 





( 885 

9*95 


1930, 













( 905 

900 

3*43 

IT Experimental period. 

A 

... 

B 

7 




14th March 1930 to 20th 





( 887 

1015 

383 

March 1930. 













( 906 

9*45 

... 

Change perio \ 21st March 


B f A 

... 

2 




1930 to 22nd March 





( 883 

991 


3930. 













( 910 

919 

3*5 

Ill Experimental period, 

A-f B 

... 

... 

7 




23rd March 1930 to 29th 





C 888 

9*99 

3*68 

March 1930. 













( 916 

8-99 


Chango period, 30th March 

... 

A-fB 

... 

2 




1930 to 31st March 





t 892 

10*24 


1930. 













( 910 

10-34 

3*68 

IV Experimental period, 

... 

... 

AH B 

7 




1st April 1930 to 7th 





( 886 

10*37 

3*56 

April 1930. 













( 913 

9*33 

... 

Chango period, 8th Aprjl 

... 

A f-B 

... 

2 

> 



1930 to 9 th April 





( 891 

9*70 


1930. 













( 908 

9*69 

3*36 

V Experimental period, 

A f B 

... 


7 


■ 


10th April 1930 to 16th 





( 894 

9*66 

3*35 

April 1980. 






1 



Nor8.—Figure* for ‘ A ’ group are shown first, and those for B group are shown below these in any 
column of this statement. 
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It would be better to have a consolidated statement of results obtained with the 
two different methods before one is in a position to say anything definite, and the 
following statement gives the results of the whole trial at a glance • 


Consolidated Results of the Experiment. 


Method of experiment 

Qroup of 
animals 

[ Berseem treatment | 

No berseem but guar 
treatment 

Live 

weight 

lbs. 

Milk 

yield 

lbs. 

Fat 

per cent, 
in milk 

Live 

weight 

lbs. 

Milk 

yield 

lbs. 

Fat 

per oent. 
in milk 

Reversion method . . 

A 

906 

9*98 

4*07 

905 

9*06 

3*43 


B 

887 

10*15 

3-83 

880 

9*27 

4-00 

Total 


1,793 

20*13 

7*90 

1,785 

1833 

7*43 

Average .... 


896 

10*06 

3?59 

892 

9*16 

3-71 

All same treatment method 

A + B 

897 

1035 

3*56 

900 

9*63 

3*47 

Average of the two methods 


896 

10*25 

3*75 

896 

9*39 

3*59 


The berseem ration provides the following nutrients:— 


Feeds 

Dry matter 
lbs. 

Digestible 

crude 

proteins 

lbs. 

Total 

digestible 

nutrients 

lbs. 

Nutrition 

Ratio 

L Roughages:— 





Grass 15 lbs. (estimated) 

14*40 

015 

9*000 

t* ’ 

Green berseem fodder, 10 lbs. 

1*85 

0*139 

0*77 

•• 

i 

II. Concentrates:— 





Wheat bran 1 i lbs. 

1*36 | 

0*175 

0*931 

• • 

Til cake 11 lbs. 

1*35 

0*567 

1*231 

• • 

Tur pol 1 lb.. 

0*910 

0*032 

0*82 


Total 

19*87 

1*063 

12-752 

11 


Note.—I n the case of beneem tho following digestible coefficients are assumed from American 
figures s— 

Crude protein.44 

Fat !••*•»•• 73 
Carbohydrates.65 
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The results would appear to be in favour of berseem treatment, which has 
given 0*86 lb. or 14 ozs. of more milk per head per day on an average from three 
teats; and an average increase of percentage of fat in milk by 0'16, the live-weight 
remaining the same under both the treatments. 

The following are the figures of the nutritive ratio for the different 
treatments:— 

(1) Nutritive ration actually required.1:7’8 

(2) Nutritive ration when concentrate mixture containing one pound 

of guar is used.1: 8*7 

(3) Nutritive ration when one pound of guar is replaced by 10 lbs. 

of green berseem fodder.1:11 

It is evident from the above that though the nutritive ratio in case of 
berseem treatment is too wide, this has affected neither the quantity nor the quality 
of produce from the animal. On the contrary, both these points go in favour of 
berseem. 

Economic aspect. 

We have obtained an increase of 14 ozs. of milk per head per day on account 
of berseem feeding. This is from 3 teats of cow. If, therefore, yield from four 
teats is considered the increase would amount to something like one pound and 3 
ozs. 

One pound of g ar costs 11 pies, whereas 10 lbs. of green berseem fodder costs 
Re. 0-1-9 under Chharodi conditions, where about 63 per cent, of the total expenses 
after cultivation of the crop is to be borne on account of irrigation and after tillage 
charges, the latter consisting mostly of watching against the devastation of wild 
animals and birds. Therefore in the places where the crop could be cultivated 
and where facilities exist for bringing down the costs and where there are marketing 
facilities for milk, berseem fodder would no doubt prove to be a highly economic 
fodder. 

Berseem fodder that was fed to the experimented animals was from the second 
and third cuttings of the crop, which are comparatively rich in nutrients, especially 
crude proteins. [Reprinted from the Poona Agno. College Magazine, Yol. XXII, 
No. 2, Sep. 1930.] 

THE INTERNATIONAL YEARBOOK OF AGRICULTURAL STATISTICS. 

The International Institute of Agriculture at Rome has recently published the 
1929-30 edition of the International Yearbook of Agricultural Statistics. 

This volume of about 800 pages is the result of the most extensive and detailed 
inquiry made in the domain of international agricultural statistics and constitutes 
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a work of the greatest importance to all those who are interested in questions 
haring a direct or indirect relation to production and commerce of agricultural 
products. 

In the first part of the Yearbook are classified the figures for area and popula¬ 
tion in the years nearest to 1913 and 1929 for 220 countries: the presentation of 
these figures throws light upon the world situation from the geographical, political 
and demographical points of view during both the pre-war and post-war periods. 
The second part is composed of a series of tables comprising for nearly 50 countries 
the available data concerning the uses for which the total area is emplo}ed, the 
apportionment of cultivated areas between the different crops, agricultural produc¬ 
tion, numbers of the different kinds of live-stock and the products derived from 
them. In the tables constituting the third part of the volume, have been indicated 
for nearly 40 agricultural products, the area, production and yield per acre in each 
country during the last five years of the pre-war period and during each of the 
years from 1926 to 1929. 

For each kind of live-stock, all available figures in the different countries have 
been grouped for the years 1913 and 1925 to 1929. A large part of the volume is 
devoted to statistics of the commercial movement of 42 vegetable products and 12 
products of animal origin. The figures published relate to the imports and exports 
during the calendar years and for the cereals also during the commercial seasons. 

It may be added that the tables of production and commerce not only specify 
details for each country but also the totals for the different continents and hemis¬ 
pheres and for the whole world, allowing the formation of a general idea of the 
changes taking place during the periods under consideration in the area under each 
crop, quantities harvested and the commercial movement in each product. < 

The part devoted to prices contains the weekly quotations of 25 agricultural 
products on the principal world markets for the year 1913 and for the period Jaiu- 
ary 1926 to June 1930. In the freights section will be found the quotations for 
the carriage of wheat, maize and rice on the most important shipping routes, and 
in the section reserved for fertilizers and chemical products useful in agriculture 
are published statistics of production, trade and prices for 15 products. In the 
rates of exchange section are set out the rates on the New York exchange for the 
most important currencies. 

For the first time there have been introduced into the volume special chapters 
on the importance and distribution of the agricultural population, the distribution 
of the agricultural holdings according to their Bize and mode of tenure and forestry. 

The volume has also been enriched by a long introduction and a chapter of 
explanatory notes. 

2 G 



Personal Notes, Appointments and Transfers, Meet¬ 
ings and Conferences, etc. 

On return from deputation in Europe, Dewan Bahadur Six T. Vijayaragha- 
vachabya, K.B.E., resumed charge of the office of the Vice-Chairman of the 
Imperial Council of Agricultural Research on the forenoon of the 27th December, 
1930. 


Mr. B. C. Burt, B.Sc., C.I.E., M.B.E., I.A.S., Agricultural Expert, Imperial 
Council of Agricultural Research, has been granted leave on average pay for 7 
months and 4 days with effect from the forenoon of the 20th March, 1931. 


Mr. F. J. Plymen, C.I.E., I.A.S., Director of Agriculture, Central Provinces, 
has been nominated by the Government of the Central Provinces to be a 
member of the Indian Central Cotton Committee, Bombay, vice Mr. R. G. Allan 


Mr. W. Sayer, B.A., I.A.S., Secretary, Sugar Bureau, and Officiating Imperial 
Agriculturist, Imperial Institute of Agricultural Research, Pusa, has been granted 
leave on average pay for 8 months with effeot from the 1st March, 1931, or subse¬ 
quent date from which he may avail himself of it. 

m 


Madras. 

Mr. G. A. Ajwani, M.So., D.V.M., D.V.H., G.B.V.C., acting Lecturer in 
Pathology and Bacteriology, Madras Veterinary College, has been appointed to be 
a member of the Madras Veterinary Service with effect from the 10th December, 
1930. 

m 


Bengal. 

Mr. F. Smith, B. Sc. (Emir.), F.H.A.8., M.R.A.S.E., I.A.8., Deputy Director of 
Agriculture, Eastern Circle, Bengal, has been punted leave fox the period from the 
6th March to the 30th November, 1931. 
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Bengal. 

Khan Sahib Sait id Sultan Ahmed, G.B.V.C., Lecturer, Bengal Veterinary 
College, has been appointed to act as Vice-Principal, Bengal Veterinary 
College, in the Bengal Higher Veterinary Service, with effect from the 1st May 
1930. 


United Provinces. 

Mr. T. S. Davies, Deputy Superintendent, Civil Veterinary Department, 
United Provinces, has been allowed to continue to be in charge of the duties of 
the post of Superintendent, Civil Veterinary Department, United Provinces, vice 
Major W. H. Priston granted leave out of India preparatory to retirement. 


Dr. A. E. Parr, B.Sc., Ph.D., I.A.S., Deputy Director of Agriculture, United 
Provinces, has been granted in continuation of the extension of leave already 
notified, a further extension of leave on half average pay from the 26th November, 
1930 to the 11th August, 1931, preparatory to retirement. 

Rai Bahadur L. C. Sharma, P.S.I., M.R.A.C., Bar.-at-Law, I.A.S., Deputy 
Director of Agriculture, United Provinces, has been confirmed in the Selection Grade 
of the Indian Agricultural Service with effect from the 30th July, 1930. 


Mr. S. C. Roy, M.Sc. (Alld.), B.Sc. (London), has been appointed Assistant 
Deputy Director of Agriculture, United Provinces, on probation for two years, 
with effect from the 29th September, 1930, but will continue as temporary 
Professor of Botany at the Agricultural College, Cawnpore. 


M. Mohi-ud-Din Ahmad, Temporary Deputy Director of Agriculture, United 
Provinces, has been transferred from the Western Circle, Aligarh, to the North- 
Eastern Circle, Gorakhpur, in the same capacity. 


Khan Sahib Maulvi Abdul Qayum, Temporary Deputy Director of Agriculture, 
United Provinces, has been transferred from the North Eastern Circle, Gorakhpur, 
to the Western Circle, Aligarh, in the same capacity. 
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Burma. 

Mr. J. Smith, M.R.C.V.S., has been appointed to the Burma Veterinary Service, 
Class I, and posted as Veterinary Research Officer with headquarters at Rangoon. 


Mr. R. Watson, N.D.A., I.A.S., Deputy Director of Agriculture, Burma, has 
been granted leave for nine months with effect from the 20th January, 1931, or the 
date on which he may avail himself of it. 


U. Saw Tun, B.Ag., Assistant Director of Agriculture, Myingyan Circle, has 
been appointed to officiate as Deputy Director of Agriculture, Myingyan Circle, in 
addition to his own duties in place of Mr. R. Watson proceeding on leave. 


Bihar and Orissa. 

Mr. P. 6 . Malkani, B.So., M.R.O.V.S., has been appointed Research Officer 
and Professor of Pathology and Bacteriology at the Bihar and Orissa Veterinary 
College, with effect from the 30th September, 1930. 


The term of appointment of Mr. Mohammad Ismail Malik, B.Sc. , M.R.C.V.S., 
Special Officer in the Civil Veterinary Department, Bihar and Orissa, has been 
further extended for three years with effect from the 1st December, 1930. 


Mr. Daulat Ram Sethi, M.A., B.So. (Edin.), I.A.S., Deputy Director of Agri¬ 
culture, South Bihar Range, has been granted leave for nine months with effect 
from the 3rd March, 1931. 


Babu Bhut Nath Sarkar, L.Ag., Assistant Director of Agriculture, has been 
appointed to hold charge of the South Bihar Range during tho absence on leave of 
Mr. Daulat Ram Sethi. 


Central Provinces. 

Mr. S. T. D. Wallace, B.So. (Edin.), I.A.S., Deputy Director of Agriculture 
in charge of Animal Husbandry, Central Provinces, has been granted leave for ten 
months with effect from the 3rd January, 1931, 
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Rai Bahadur Tundilal Powar, B.A., Deputy Director of Agriculture, Eastern 
Circle, Baipur, has been granted leave for four months with effect from the 15th 
February, 1931, or the subsequent date on which he takes it. 


lb. J. V. Taels, L.Ag., N.D.D., Extra Assistant Director of Agriculture, has 
been appointed to officiate as Deputy Director of Agriculture in charge of Animal 
Husbandry, Central Provinces, vice Mr. S. T. D. Wallace, proceeding on leave. 


On return from leave, Mr. D. B. Mohrikar, Extra Assistant Director of Agri¬ 
culture, Central Provinces, has been appointed to officiate as Deputy Director of 
Agriculture in the Central Provinces Agriculture Service, Class I, and posted to the 
Eastern Circle, Baipur, vice Eai Bahadur Tundilal Powar, proceeding on leave. 


Rai Sahib R. V. Pillai, G.B.V.C., Deputy Director of Veterinary Services, 
Central Provinces, has been granted leave on average pay for eight months with 
effect from the 16th January, 1931, or the subsequent date on which he takes it. 



NEW BOOKS 

On Agriculture and Allied Subjects 

Note-book of Agricultural Facts and Figures for Fanners and Farm Students. 
By Primrose McConnel. Eleventh Edition. Pp. 540. (London: Crosby Lockwood 
& Son, 1930.) 15s. net. 

Fruit Production—Tree Fruits. Bulletin No. 2 of the Ministry of Agriculture 
and Fisheries. Pp. v-f 110+23 plates. (London : Ministry of Agriculture and 
Fisheries.) Is. 6 d. net. 

Fruit Production—Soft Fruits and Nuts. Bulletin No. 4 of the Ministry of 
Agriculture and Fisheries, Pp. v+69-f 20 plates. Is. net. (London : Ministry of 
Agriculture and Fisheries, 1930). 

The Cactus Book. By Arthur D. Houghton. Pp. xn+147+12 plates. (New 
York : The Macmillan Co., 1930.) 10s. net. 

Agricultural Accounts. By T. Wheeler Meats. Third Edition. Revised by 
L. F. Foster. Pp. 68. (London : Gee & Co., Ltd., 1930.) 6s. net. 

A Text-book of Plant Physiology. By N. A. Maximov. Translated from the 
Russian. Edited by A. E. Murneek and R. B. Harvey. (McGraw-Hill publications 
in the Agricultural and Botanical Sciences.) Pp. xin-f 519. (New York : McGraw- 
Hill Book Co., Inc.; London : McGraw-Hill Publishing Co., Ltd., 1930.) 20<f. net. 

Elements of Plant Science. By C. J. Chamberlain. Pp. XI+ 394. (New 
York : McGraw-Hill Book Co., Ltd., 1930.) 9s. 6 d. net. 

A Manual of the Dragonflies of China— a Monographic Study of the Chinese 
Odftnata. By James G. Needham. (Zoologia Sinica, Series A : Invertebrates of 
China, Yol. I, Fascicle I.) Pp. n+344+11+20 plates. (Peiping : The Fan 
Memorial Institute of Biology, 1930.) 5 dollars; 20s. 

Laboratory Studies in Zoology. By H. D. Reed and B. P. Young. Pp. 121. 
(New York : McGraw-Hill Book Co.. Inc. ; London McGraw-Hill Publishing Co., 
Ltd., 1930.) 5s. net. 

Recent Advances in Entomology. By A. D. Imms. The Recent Advances 
Series. Pp. vm-f-374. (London : J. and A. Churchill, 1931.) 12s. 6 d. 

Judging Poultry for Production. By J. E. Rice, G. 0. Hall and D. R. Marble. 
(Poultry Science Series.) Pp. xn+425. (New York : John Wiley & Sons, 
Ino. ; London : Chapman & Hall, Ltd., 1930.) 18s. 6 d. net. 

Production, Condition, Organization and Results of Czechoslovak Farming. 
Edited by Yladislao Brdlik. Pait II. Pp, 242+79. (Prague : State Agricultural 
Institute, 1930.) 24s. 
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August 1930 to 31st January 1931, 


No. 

Title 

Author 

Where published 


GENERAL AGRICULTURE 


1 

The Agricultural Journal of India , 
Vol XXV. Parts V and VI. Price, 
Rs. 1-8-0 or 2s. per part. Annual 
subscription, Rs. 6 or 9s. 0 d. 

Issued under the authority 
of the Imperial Council 
of Agricultural Research. 

Government of India 
Central Publication 

Branch, Calcutta. 

2 

Agriculture and Live-stock in India , 
Vol. I, Part I. Price, Rs. 1-8-0 or 
2s . 6 d. per part. Annual subscrip¬ 
tion, Rs. 6 or 9 8. 9 d. 

Ditto 

Ditto. 

3 

The Journal of the Mysore Agricul¬ 
tural and Experimental Union 
(Quarterly). Rs. 3. 

E Narasinha Ayonger 
(Editor). 

Bangalore Press, Banga¬ 
lore. 

4 

The Madras Agricultural Journal 
(Monthly). Annual subscription, 
Rs. 4. 

1 B. Viswanath and others 
(Editors). 

The Electric Printing 
Works, Coimbatore. 

5 

Poona Agricultural College Magazine 
(Quarterly). Annual subscription, 
Rs. 2-8-0. 

V. G. Deshpande and 
; S. M. Rao (Editora). 

i 

Aryabhushan Press, Poona 
CSty. 

6 

The Nagpur Agricultural College 
Magazine (Quarterly). Annual 
subscription, Rs. 3. 

S. M. Ali and N. B. 
Chinchalkar (Editors). 

Udyam Desha , Sevak 
Press, Nagpur. 

7 

The Allahabad Farmer (Quarterly). 
Annual subscription, Rs. 2. 

W. B. Hayes (Editor) 

The Mission Press, Allaha¬ 
bad. 

8 

Quarterly Journal of the Indian Tea 
Association . Price, As. 6 per copy 

Scientific Department of 
the Indian Tea Associa¬ 
tion, Calcutta. 

Catholio Orphan Press*, 
Calcutta. 

9 

The Planters' Chronicle (Weekly). 
Prioe, As. 8 per copy. 

F. E. James (Editor) 

Diocesan Press, Post Box 
455, Madras. 

10 

Rural India (Monthly). Annual 
subscription, Rs. 3. 

A. Swaminatha Iyer 
(Editor). 

Magazine Press, Chingle- 
put. South India. 

11 

Journal of the Trichinopdy District 
Agricultural Association (Quarterly). 
Annual subscription's. 1-8-0 for 
non-members; free for members. 

Issued by the Triohino- 
poly District Agricul¬ 
tural Association. 

District Agricultural Asso¬ 
ciation, Triohinopoly 

South India. 
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No. 

Title 

Author 

Where published 


GENERAL AGRICULTURE— eonti. 


12 

Digest of the Operations of the 
Department of Agriculture, Madras, 
for quarter ending 31st March 1930. 
(Tamil, Telugu and Malayalam). 
Madras Department of Agriculture 
Digest No. 87. 

D. Ananda Bow • 

Government Press, 

Madras. 

13 

Digest of the Operations of the 
Department of Agriculture .Madras, 
for quarter ending 30th June 1930. 
(English, Tamil, Telugu and Mala¬ 
yalam). Madras Department of 
Agriculture Digest No. 88. 

Ditto • 

Ditto. 

14 

Digest of the Operations of the 
Department of Agriculture, Madras, 
for quarter ending 30th September 
1930. (English, Tamil, Telugu, 
Malayalam and Kanarese). Madras 
Department of Agriculture Digest 
No. 89. 

Ditto • . 

Ditto. 

15 

Villagers* Calendar for 1930-31 (Mala¬ 
yalam). 

Issued by the Department 
of Agriculture, Madras. 

Ditto. 

16 

Villagers* Calendar for 1931. (English) 

Ditto • . 

Ditto. 

17 

Potatoes. (English, Telugu, Tamil, 
Malayalam and Kanarese) ( Madras 
Department of Agriculture Leaflet 

No. 65. 

F. H. Butcher 

Ditto. 

• 

18 

Note on Turmeric. (English, Telugu, 
Tamil, Malayalam and Kanarese). 
Madras Department of Agriculture 
Leaflet No. 67. 

Issued by the Department 
of Agriculture, Madras. 

Ditto. 

19 

School Garden. (English, Tamil, 
Telugu, Kanarese and Malayalam). 
Madras Department of Agriculture 
Leaflet No. 68. 

Ditto 

Ditto. 

20 

Water rate or Fasalijasti for certain 
crops-oonoession made by Govern¬ 
ment to ryots in aid of cultivation. 
(English, Telugu, Tamil, Kanarese 
and Malayalam). Madras Depart¬ 
ment of Agriculture Leaflet No. 69. 

Ditto . • 

Ditto. 

21 

How to send specimens. (English, 
Tamil, Telugu and Malayalam). 
Madraa Department of Agriculture 
Leaflet No. 71 and 71 (a.) 

S. R. Srinivasa Jyenger . 

1 

Ditto. 
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No. 

rale 

Author 

Where published 


GENERAL AGRICULTURE— eontd. 


22 

Planting of Trees. Standing Order of 
the Board of Revenuo, Land 
Revenue and Settlement. (English, 
Malayalam, Telugu and Tamil), 
Madras Deportment of Agriculture 
Leaflet No. 73. 

Issued by the Depart¬ 
ment of Agriculture, 
Madras. 

Government Press, Madrcu 

23 

Loans to ryots. (English, Telugu, 
Tamil, Kanaiese and Malayalam). 
Madras Department of Agriculture 
Leaflet No. 74. 

Ditto 

Ditto. 

24 

Broad Hints for every day use, No. 1. 
(English, Telugu, Tamil, Malayalam 
and Kanaiese). 

G. R. Hilson • • . 

Ditto. 

25 

Note on Pure Paddy Seed, VIII 
Circle. (English and Tamil). 

R. C. Broadfoot . , 

Ditto. 

26 

Artificial Fertilizers. Bengal De¬ 
partment of Agriculture Leaflet 
No. 4 of 1929. 

Issued by the Depart¬ 
ment of Agriculture, 
Bengal. 

Bengal Secretariat Book 
Depdfc, Calcutta. 

27 

Cultivation of English Vegetables. 
Bengal Department of Agriculture 
Leaflet No. 5 of 1929. 

Ditto 

Ditto. 

28 

Tobaoco in Bengal. Bengal Depart¬ 
ment of Agriculture Bulletin No. 6 
of 1929. 

Ditto 

Ditto. 

29 

Improved Ploughs for the use of the 
Bengal Cultivators. 

Ditto . . 

Ditto. 

30 

Notes on Crops which can be substi¬ 
tuted for Jute. (English and 
Bengali). Bengal Department of 
Agriculture Leaflet No. 7 of 1930. 

Ditto 

Ditto. 

31 

Notes on why Fodder Crops should 
be substituted for Jute and Paddy. 
(English and Bengali). Bengal 
Department of Agriculture Leaflet 
No. 1 of 1931. 

Ditto 

Ditto. 

32 

Annual Report on the Administra¬ 
tion of the Department of Agricul¬ 
ture, United Provinces, for the 
year ending June 30, 1930. 

Issued by the Depart¬ 
ment of Agriculture, 
United Provinces. 

Superintendent, Govern¬ 
ment Press, United Pro¬ 
vinces, Allahabad. 

83 

Report on the Agricultural Stations 
of the Central Circle, Cawnpore, 
United Provinces, for the year end¬ 
ing June 30,1930. 

Ditto 

Ditto. 
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Author 
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GENERAL AGRICULTURE—eonti. 


34 

Report on the Agricultural Stations 
of the Western Circle, Aligarh, 
United Provinces, for the year end¬ 
ing June 30,1930. 

Issued by the Department 
of Agriculture, United 
Provinces. 

Superintendent, Govern¬ 
ment Press, United 
Provinces, Allahabad. 

35 

Combined Report on the Experi¬ 
mental Stations in the Eastern 
Circle, Partabgarh, United Provin¬ 
ces, for the year ending May 31, 
1930. 

Ditto • 

Ditto. 

36 

Report on the Agricultural Stations 
in the Rohilkhand Circle, Shah- 
jahanpur, United Provinces, for 
the year ending June 30, 1930. 

Ditto 

Ditto. 

37 

Report on the Agricultural Stations 
of the North Eastern Circle, Gorakh¬ 
pur, United Provinces, for the year 
ending June 30, 1930. 

Ditto 

Ditto. 

38 

Report on the Agricultural Stations 
in the Bundelkhand Circle, Jhansi, 
United Provinces, for the year 
ending June 30, 1930. 

Ditto . . 

Ditto. 

39 

Report on the Agricultural Stations 
in the Hill Circle, Jeolikote, United 
Provinces, for the year ending 
June 30, 1930. 

Ditto 

Ditto. 

40 

Reports on the working and Ad¬ 
ministration of the United Pro¬ 
vinces Gardens for the year 1929- 
30. 

Ditto 

Ditto. t 

* 

41 

Report on the Operations of the 
Department of Agrioulture, Punjab, 
for the year ending 30th June 1929. 
Part H, Vol. I. Price, Rs. 6. 

Issued by the Department 
of Agriculture, Punjab. 

Government Printing, 

Punjab, Lahore. 

42 

Report on the Operations of the 
Department of Agrioulture, Punjab, 
for the year ending 30th June 1929. 

| PartII.Vol.il. Price, Rs. 20. 

Ditto . • 

Ditto. 

43 

Information regarding Boring of 
Wells by the Agricultural Depart¬ 
ment, Punjab. Punjab Depart¬ 
ment of Agriculture Leaflet No. 84. 

Ditto 

Ditto. 

44 

Hints on Cotton Cultivation, Punjab 
Department of Agriculture Leaflet 
No. 86. 

Ditto 

Ditto. 
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45 Guide to the Punjab Agricultural Issued by the Depart- 

College and Research Institute, ment of Agriculture, 
Lyallpur. Punjab. 

46 Enquiries regarding Indian Oilseed K. S. Ch. Ali Mohammad* 


Government Printing* 
Punjab* Lahore. 


Price, As. 9. 


B.Sc (Agri.) L. Ag. 


Prospectus of the Punjab Agrioul- Issued by the Depart- 
tural College, Lyallpur. Price, ment of Agriculture, 


tural College, 
As. 4. 


ment of Agriculture, 
Punjab. 


48 Seasonal Notes for October IPSO. 
Price, As. 4. 


40 Annual Report of the Department of Issued by the Depart- 
Agriculture, Bihar and Orissa, ment of Agriculture, 

19^9-30. Bihar and Orissa. 

60 Annual Report on Experimental Ditto 

Stations in Bihar and Orissa, 

1928-29. 

61 Annual Report on Experimental Ditto • . 

Stations in Bihar and Onssa, 1929- 
30. 

62 Bunds in Chota Nagpur Range. Ditto , 

(English, Bengali and Hindi). 

Bihar and Orissa Department of 
Agriculture Bulletin No. 1 of 1930. 

53 Sugaroane in Chota Nagpur. (English, Ditto 

Bengali, Oriya and Hindi) Bihar 
and Orissa Department of Agri¬ 
culture Bulletin No. 2 of 1930. 

54 : Summary pf Improvements in Agri- Ditto • 

culture recommended by the De¬ 
partment of Agriculture, Bihar and 
Orissa. Bihar and Orissa Depart¬ 
ment of Agriculture Bulletin No. 3 
of 1930. 

65 Leaflet on Sugaroane in South-East Ditto • * 

Bihar Range. Leaflet No. 1 of 
1930. 


Government Printing, 
Bihar and Orissa, Giu- 
E&rbagh. 


Ditte. * 


66 Report on the working of the De- Issued by the Depart- Government Printing, 
partment of Agriculture of the ment of Agriculture, Central Provinces, Nag- 
Oentral Provinces for the year Central Provinces. [pur. 

ending 31st March 1930. 
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Where published 


GENERAL AGRICULTURE-con^ 

| Report on Demonstration work I Issued by the Depart-1 Government Printing. 


carried out in Southern Circle 
together with reports on the Seed 
and Demonstration Farms, Wara- 
seoni and Sindewahi and the Cattle 
Breeding Farm, Sindewahi, Central 
Provinces, for the year ending 31st 
March 1929. Price, Re. 1. 

58 Annual Reports of Experimental 

Farms of the Southern and Eastern 
Circles, Tharsa and Raipur, Cen¬ 
tral Provinces, for the year ending 
31st March 1929. Prioe, Re. 1. 

59 Report on Demonstration work 

carried out in the Western Circle 
together with reports on the Seed 
and Demonstration and Cattle 
Breeding Farms of that Cirolefor 
the year ending 31st March 1929. 
(Vols. I and II). Price, Re. 1 each 
volume. 

60 Report on Demonstration work 

carried out in the Eastern Circle 
together with report* on the Seed 
and Demonstration Farms at 
Chandkhuri, Bilaspur and Drug 
with that of Cattle Breeding Sta¬ 
tion attached thereto for the year 
ending 31st March 1929. Prioe, 
Re. 1. 

61 Report on the (1) Agricultural 

College, Nagpur, (2) Chemical. 
Botanical, Myoological and Ento¬ 
mological Research, (3) Agricultural 
Engineer’s Seotion, (4) Maharaj- 
bagh Menagerie together with the 
external work of the Veterinary 
Inspector attached to the Agricul¬ 
tural College, Nagpur, for the year 
ending 31st March, 1929. Prioe, 
Re. 1. 

62 The Cultivation of Ground-nut. 

(Marathi). Bulletin No. 2 2 of the 
Department of Agriculture, Central 
Provinces. Price, As. 2. 

63 A Leaflet on Instructions about' 

Rogueing alien Plants from Verum 
(Marathi). 


ment of Agriculture, 
Central Provinces. 


Central Provinces, Nag¬ 
pur. 
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Author 

i 

Where published 


GENERAL AGRICULTURE— condd. 


64 

! Annual Report of the Department 
of Agriculture, Assam, for 1929-30. 

Issued by the Depart¬ 
ment of Agriculture, 
Assam. 

Government Press, Shil¬ 
long. 

65 

Yellowing of Rioe Seedlings. (Assa¬ 
mese and Bengali). Assam De¬ 
partment of Agriculture. Leaflet 
No. 2 of 1930. 

Ditto 

Ditto. 


AGRICULTURAL STATISTICS. 


66 

Agricultural Statistics of Bihar and 
Orissa for 1929-30. 

Issued by the Depart¬ 
ment of Agriculture, 
Bih&r and Orissa. 

Government Printing, 

Bihar and Orieea, Gul 
zarbagh. 

67 

Season and Orop Report of Bihar 
and Orissa for 1929-30. 

Ditto 

Ditto. 

68 

Season and Orop Report of the Pun¬ 
jab for the year ending 30th June 
1930. 

Issued by the Depart¬ 
ment of Agriculture, 
Punjab. 

Government Printing, 

Punjab, Lahore. 


FRUIT CULTURE 


09 ’ 

; 

Papaya cultivation in the Bombay 
Presidency (excluding Sind). Bom¬ 
bay Department of Agriculture 
Bulletin No. 162 of 1930. Price, 
As. 3. 

Dr. G. S. Cheeina and 
P. G. Dani. 

Government Oentral 

Press, Bombay. 

70 

V/ 

How to place oranges in the market. 
Punjab Department of Agriculture 
Leaflet No. 79. 

Issued by the Department 
of Agriculture, Punjab. 

Government Printing, 

Punjab* Lahore. 

71 

On Protection of Fruit Trees from 
Frost. Punjab Department of Agri¬ 
culture Leaflet No. 81. 

Ditto 

Ditto. 


SERICULTURE. 


72 

Silk Industry in Bengal ^Department 
of Agriculture Leaflet No. 6 of 
1930. 

Issued by the Department 
of Agrioulture, Bengal* 

A Bengal Secretariat Book 
Depdt, Calcutta. 
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Author 

Where published 


AGRICULTURAL CHEMISTRY. 


73 

Studies in Soil Colloids, Part I—Base 
exchange and soil acidity; Part 
II—Factors influencing the disper¬ 
sion of soil colloids in water. 
Memoirs of the Department of 
Agriculture in India* Chemical 
Series* Vol XI* Nos. 1 and 2. Price* 
Be. 1 or Is. 9 d. 

Amar Natb Puri, M. So., 
Ph.D. f A.I.C. 

Government of India 
Central Publication 

Branch, Calcutta. 

74 

The Nutritive value of some Typioal 
Indian Hays. Memoirs of the 
Department of Agriculture in India* 
Chemical Series* Vol. XI, No. 4. 
Price, As. 5 or 6d. 

F. J. Warth, M.So . 

Ditto. 

75 ! 

The Nutritive value of Gram Husk 
Memoirs of the Department of 
Agriculture in India, Chemical 
Series, Volume XI, No. 5. Price, 
As. 6 or 8d. 

F. J. Warth, M.So., and 
Lai Chand Sikka, B.So. 
(Agri.) 

Ditto. 

76 

Studies in Soil Colloids, Part III— 
flocculation of soil colloids. 

Memoirs of the Department of 
Agriculture in India, Chemical 
Series, Volume XI, No. 6. 

Amar Nath Puri, M. So., 
Ph.D., A.I.C. 

Ditto. 

77 

Studies in Soil Colloids, Part IV— 
Methods of estimating soil colloids. 
Memoirs of the Department of 
Agriculture in India, Chemical 
Series, Volume XI, No. 7. Price* 
As. 6 or 6d. 

Ditto 

Ditto i 

78 

Studies in Soil Colloids, Part V— 
Methods of determining saturation 
capacity and degree of saturation 
of soils. Memoirs of the Depart¬ 
ment of Agriculture in India* 
Chemical Series, Volume XT* No. 

8. Prioe* As. 3 or 4 d. 

Ditto 

D itto. 



BOTANY. 


79 

Cotton Growing in India in relation 
to climate. Memoirs of the Depart¬ 
ment of Agriculture in India, 
Botanical Series, Vol. XVH, No. 5. 
Price, As. 12 or Is. 3d. 

Trevor Trought, M. A., 
and Mohammad Afzal, 
B.So. (Agri.), A.I.O.T.A. 

Government of India 

Central Publication 
Branch, Calcutta. 
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BOTANY —contd. 

80 Classification and Study of the R. L. Sethi, M.So. t B.So., Government of India 

Characters of the Cultivated Rice M.R.A.S., and Baijanti Central Publication 

in the United Provinces. Memoirs Prasad Saxena, L.Ag. Branch, Calcutta. 

of the Department of Agriculture 

in India, Botanical Series, Volume 

XVIII, No. 6. Price, Re. 1-10 or 

2s. 0d. 

81 The Inheritance of Characters in K. Ramiah, L.Ag. (Mad- Ditto. 

Rice, Part III. Memohs of the ras), M.So., Dip. Agric. 

Department of Agriculture in India, (Cantab.) 

Botanioal Series. Volume XVIII, 

No. 7 Price, As. 14 or Is. fid. 

82 The Grain Shedding Character in S. G. Bhalerao, B.Ag. . Ditto. 

Rice Plants and its Importance. 

Puea Bulletin No. 205. Prioe, 

As. 12 or Is. 3d. 


MYCOLOGY. 

83 Rcot-rot of Paddy. Bengal Depart- Issued by the Department Bengal Secretariat Book 

ment of Agriculture Leaflet No. 8 of Agriculture, Bengal. 1 epfifc, Calcutta 
of 1930. (English and Bengali). 

84 Betelvine disease. Bengal Depart- Ditto . . Ditto. 

ment of Agriculture Leaflet No. 5 
of 1930. (English and Bengali). 

85 The Early Blight of Potatoes and its Issued by the Department Government Printing, 

Control. Punjab Department of of Agriculture, Punjab. Punjab, Lahore. 
Agriculture Leaflet No. 83. t 

86 Grain Smut of Jo war and its Preven- Ditto . • Ditto. 

tion. Punjab Department of Agri¬ 
culture Leaflet No. 85. 

BACTERIOLOGY. 

87 The influence of Exchangeable Ions N. V. Joshi, B.A., M.So., Government of India 

in Soil Colloids on Bacterial Aoti- L.Ag., Central Publie&tion 

vity and Plant Growth. Memoirs and Branoh, Calcutta, 

of the Department of Ague >lture A. N. Puri, M.So., Ph.D., 
in India, Bacteriological Series, A.l.C. 

Volume II, No. 4. Prioe, As. 7 or 
9d. 


ENTOMOLOGY. 

88 Carabid®. Catalogue of Indian H. E. Andre wee. . . I Government of India 

Insects, Part 18. Price, Rs. 8-10 < entral Publication 

or 14s. 6d» / Branch, Caloutta. 
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Title 

Author 

Where published 


ENTOMOLOGY — eontd. 


89 

Gyiinoidea. Catalogue of Indian 
Insects, Part 19. Price, As. 12 or 
Is. 3d. 

Georg Ochs. 

Government of India 
Central Publication 

Branoh, Calcutta. 

90 

How to Control the Jasmine Bng 
(English, Tamil, Telugn and 
Kanarese). Madras Department 
of Agriculture Leaflet No. 66. 

Y. Ramachandra hao 

Government Press, 

Madras. 

91 

Inseot and General Control of In¬ 
sect pest. Bengal Department of 
Agriculture Bulletin No. 3 of 
1929. 

Issued by the Depart- 
ment of Agriculture, 
Bengal. 

Bengal Secretariat Book 
Depdt, Calcutta. 

92 

On Maize and Jo war Borers and 
their oontrol. Punjab Department 
of Agriculture Leaflet No. 82. 

Issued by the Peparfmenfc 
of Agrioulbure, Punjab. 

Government Printing, 

Punjab, Lahore. 

93 

Pamphlet on “ Methods for the 
oontrol of locusts ” published by 
the Imperial Council of Agricultural 
Research (in Gurmukhi). 
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ANIMAL HUSBANDRY AND DAIRYING: 
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RUDOLPH DAVID ANSTEAD, C.I.E., I.A.8. 

BY 

SIR PRANK NOYOE, Kt., O.S.I., O.B.E., I.O.S. 

Before these lines appear in print, there will have disappeared from the Madras 
Civil List the name of one whom the Agricultural Department in that Presidency 
could ill afford to lose—Rudolph David Anstead, its Director of Agriculture, who 
retired under the age limit on June 2nd of this year. Born on June 2nd, 1876, 
Mr. Anstead was educated at Giggleswick Grammar School and Christ's College, 
Cambridge, of which he was a scholar and prizemaa. After graduating in Natural 
Science, he joined the Agricultural Department in the British West Indies, in which 
he held successively the posts of Research Chemist iu Barbados, Sugar Chemist 
in the Imperial Department of Agriculture and Superintendent of Agriculture, 
Grenada. His experience in the West Indies marked him out, on his transfer to the 
Indian Agricultural Service in 1909, for the newly created post of Deputy Director 
of Agriculture for the Planting Districts in Southern India. Excellent as was the 
work he did in that capacity, it was of such a specialised character that his appoint¬ 
ment as Director of Agriculture in 1922, in succession to Mr. H. C. Sampson, came 
as somewhat of a surprise. It did not, however, take long for him to convince 
those who had been sceptical of the wisdom of the appointment that it was tho¬ 
roughly justified. When he took charge, the fortunes of the Madras Agricultural 
Department were at a low ebb. It had lost very heavily by retirements on pro¬ 
portionate pension and its morale had been badly shaken. Anstead was not dis¬ 
mayed. He faced the position with confidence and inspired confidence in ^others. 
He had in fullest measure that essential qualification for the Headship of a Depart¬ 
ment, the gift of getting the best out of all who worked under him and of persuading 
those above him, Secretaries, Ministers and the Legislative Council, to give him 
what he asked for his Department. Of his popularity with the members of his staff 
and of the regard in which he was held by them the writer of this note can speak 
from personal experience of the annual gathering of the agricultural clans at the 
Coimbatore College. Of hiB merits aB a colleague the writer can abo speak from 
personal experience of some eighteen months’ duration, during which the only subject 
of disagreement waB in regard to the expediency of prohibiting the export of bones 
and fish manures! An able speaker and a ready writer, Anstead was able to 
advance the interests of his Department and still more those of the agriculturists, 
whose benefit is the only justification for its existence, both by lectures and addresses 
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and in the columns of the Madras newspapers. His last important official act was 
the formulation of a detailed scheme for the reorganisation and development of the 
Department to which he had rendered such yeoman service, and it was a matter of 
great gratification to him that it had been accepted in principle by the Madras 
Government before he left India on long leave preparatory to retirement in Septem¬ 
ber, 1929. The C. I. E. conferred on him in January, 1927, was most worthily 
earned. Always a keen sportsman, he was, until his eyes began to give trouble, a 
cricket and tennis player much above the average, and the greatest regret of his life 
was that he just missed his “ Blue ” at Cambridge. 

The Madras Agricultural Department would, we feel certain, feel aggrieved if 
this brief tribute were to conclude without a reference to that most gracious of 
hostesses, Mrs. Anstead, who made all its members welcome wherever her headquar¬ 
ters for the time being but notably at that appropriately named house, Banstead, 
on the Nungumbaukum High Road, in Madras City. 



THE INTRODUCTION OF CRUDE-OIL TRACTORS IN INDIA. 


BY 

WYNNE SAYER, B.A., I.A.S., 

Officiating Imperial Agriculturist, Pusa. 

The use of tractors in India for fanning, road grading and general haulage has 
developed with great rapidity during recent years, and now in place of the principal 
line of work being the introduction and popularisation of kerosine tractors, we are 
faced with the immediate question whether we shall continue with the present emi¬ 
nently satisfactory kerosine oil tractor, or take a big step in advance and cut down 
working costs by turning our attention to the crude-oil tractor, despite its being a 
comparatively novel form of prime mover to this part of the world. The advent of 
the kerosine tractors into Indian conditions vas heralded by the motor car, and the 
majority of persons were already familiar with the petrol engine and its peculiarities, 
which, therefore, really presented very little that was strange or unusual when 
appearing under the guise of a kerosine tractor. 

The position of the crude-oil engine is, however, quite different. As a prime 
mover this tractor comes in advance of the crude-oil motor car, and it will be neces- 
sary to go back for a short time into the history of the past to make clear where 
the present crude-oil tractor has been developed from. 

The first gasoline-driven Ctto cycle engine came into existence on a commercial 
basis in 1876, and this waB the virtual beginning of the internal combustion engine 
age. Numerous improvements were effected during subsequent years, and 1891 saw 
the introduction of kerosine as a fuel for this type of engine. The Royal Show at 
Manchester in 1897 provided the first oil-engined agricultural locomotive, and an Ivel 
tractor with a two-cylinder horizontal petrol engine of 14 B. H. P. was exhibited at 
the Royal Park Show in 1903. 

All such tractors remained in the Show Btage only until the Great War when the 
necessity of speeding up food production and the replacement of horses on the land 
brought in a large number of light tractors for kerosine or petrol of numerous designs, 
chief among which was the Fordson. 

The first Fordson demonstrated in India on a proper agricultural test was worked 
at Pusa in 1919, and, although most of the essential parts have been replaced, the 
main portions of the design are still working. Subsequent years have seen an 
advance in general efficiency and reliability which has culminated in a kerosine tractor 
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which is practically the last word in cheapness of construction and excellence of 
design. This very excellence has made it clear to all working on the subject that 
only by the utilization of a cheaper fuel could further considerable economy in 
working costs be achieved, and this led to the introduction of the crude-oil tractor. 
The principle of the heavy or crude-oil engine has been based on the fact that crude- 
oils can be exploded easily under compression—and the principle of compressing air 
to some 600 lbs. per sq. in. and pumping in oil through an atomiser located in the 
cylinder head enabled the magneto, sparking plugs and carburettor of the ordinary 
motor engine driven by kerosine or petrol to be dispensed with—as 90 per cent, of 
the breakdowns in this class of engine are located in the carburetion or ignition 
syBtemB, and thus much greater simplicity of working was achieved. Further by 
controlling the stroke of the fuel pump it was possible to reduce the amount of fuel 
for light loads and to increase for heavy—thus producing an engine almost as flexible 
as a steam engine and the same capacity for taking up a load at a steady speed, 
while exhibiting a marked eoonomy in fuel consumption. In addition, the ordinary 
types of Diesel fuel oil cost about 4-5 annas only per gallon and thus afford a tre¬ 
mendous economy in fuel costs and their consumption per brake horse power per 
hour is less than the quantity of petrol or paraffin used in the ordinary tractor. 

With all these advantages the question at once presents itself—why is the Diesel 
Crude-Oil Engine not universally adopted ? 

The answer is threefold :— 

1. It coBts at present considerably more to build. 

2. In the mind of the general public the idea is still firmly implanted that the 
crude-oil engine is a terror to manipulate. This view has grown up as a result of the 
behaviour of the original Diesel engine which sometimes (owing to trifling,adjust- 
ments being out of order) refused to start for hours. Further research and improve¬ 
ment of design has eliminated most of this trouble in the new designs, but the idea 
still persists, and one of the chief points it was necessary to demonstrate in our 
tractor display was the ease with which the tractor could be started. 

3. The change can only be expected where kerosine oil is expensive. In coun¬ 
tries where kerosine is very cheap, makers of tractors can naturally see no reason to 
change over to crude, and sorap large plants and expensive machinery. 

Now having dealt with the main problem, let us proceed further and examine the 
two types of crude-oil engines which are, at present, being used. 

The first type .—This is a four-cylinder, high compression, cold-starting type engine, 
usually operating on the Otto cycle with inlet and exhaust valves wjjh a small igni¬ 
tion chamber on the oylinder head in which the atomiser is located. Ignition com¬ 
mences in the Bmall chamber and spreads to the large maintaining combustion 
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pressure on the piston well down (he stroke. The atomiser is a highly specialised 
pieoe of maohinery and the objection to this type of engine is that the fuel injection 
gear generally comprises a number of small accurately fitting parts which require 
very careful handling and skilled attention when adjustments have to be made. 
Further, the correct setting of the fuel injection parts is very important and small 
errors affect the working results, as the slightest error in fitting together after clean¬ 
ing will put everything out. It is hardly likely that such an operation will be able 
to be done in the field amid dust and dirt, and though the cheapness of working and 
the efficiency is undoubtedly present, yet the absolute simplicity which is so essential 
for machinery which has to work in isolated areas is not yet attained and the cost 
price is apt to be high due to the extreme degree of accuracy required in manufactur¬ 
ing and to the royalties which have to be paid to Continental patentees of the cold¬ 
starting type of engine, which serve to make the cost of the latter considerably more 
than that of the low compression two-stroke type which comprises the second type. 
A tractor of this type is about to l>e placed on test. 

The. second type .—This is the horizontal, valveless, two-stroke crude-oil engine 
generally of a single cylinder type with hot bulb ignition adapted for tractor work. 
Here we have a design which has already proved itself most reliable in stationary oil 
engines—is simplicity itBelf, and can be, and is, handled by the ordinary mechanic, is 
extremely economical in working and costs very little more than the kerosine tractor. 
It has a few points which require knowing, but its slow engine speed, exceptional 
simplicity and general reliability seein to mark it out as eminently suitable for 
agricultural work. 

The tractor problem at Pusa having reached the stage referred to in para 1, i.e., 
we possessed a kerosine tractor which did not seem capable of any further improve¬ 
ment and by its very efficiency and cheapness forced our attention to the pbssibility 
of economy in other directions. We decided to pirchase a crude-oil tractor of the 
second type and started a series of tests which would provide us with reliable data. 
Owing to the interest exhibited in the work of this tractor while under test, it was 
decided to give a demonstration of its work, control and fuel consumption over a 
period of three days. The report is given below. This report is by no means final. 
One of the first things to realise about all tractor figures is that no reliance can be 
plaoed on (he performance of any tractor over a period of a few days only. An 
efficient garage staff can work a ‘ dud ’ to perfection for a few days and the results 
of former trials in England and elsewhere bring this fact into great prominence. 
Nothing but a 2-year test will give one the actual figures you require and prove 
whether the makers’ claims are substantiated in actual practice. Actual fuel con¬ 
sumption figures axe always higher than those obtained on tests, and the amount of 
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work done on an ordinary working day is not up to that obtained in a trial, while 
small breakdowns and other causes of loss of time are usually conspicuous by their 
absence in the trial of a new tractor. 

The crude-oil tractor demonstrated was a “ Lanz Bulldog ” semi-Diesel 15-30 
H. P.—slow running, single cylinder, two-stroke type with hot bulb ignition, which 
has been working on the farm for the past six weeks. (Plate XXVIII.) 

The objects of the demonstration were as follows :— 

(1) To show the actual working and work done by the tractor under ordinary 

conditions. 

(2) To show the method of starting, cleaning and general daily upkeep 

required. 

(3) To definitely check off the actual consumption of fuel and lubricating oil 

and to obtain costs and quantities consumed under cloBe observation. 

The land selected was a clayey loam representative of the stiffest land in the 
farm area, laid out in strips of | acre, about 10 yards by 360 yards, with several very 
heavy clay patches in the area. 

Tractor was hitched to an old 3-furrow Ransomes RSLM share plough with 
P. C. 24 bodies and disc coulters purchased in 1921 (Plate XXVII). This plough 
was worked at an average depth of 6 to 9 inches. 

The work done was satisfactory, but lacked the finish obtainable with the type 
of tractor plough which is now used with this H. P. tractor. 

The listed H. P., 15-30, of the Lanz tractor does not correspond on actual test 
to the corresponding rating of American tractors. Hence it is not able Jo work 
with implements designed for the usual American tractor of a similar II. P. 
which is based on a ruling which only allows a certain percentage of the actual 
power to be given as the catalogue power. 

The front wheels of the tractor require to be fitted with proper angle rims of 
2|'-3* depth; a distinct inclination on the part of the off-side front wheel to run 
out of the furrow was apparent and a tendency to crab, and the tractor when turn¬ 
ing on worked land was liable to slide and drift. 

The tractor was worked with a disc harrow 1\ ft. Roderic Lean (28 discs). It 
was evident from the pace at which it worked that an extra one foot spread could 
have been taken. 

The behaviour of the engine throughout was excellent. The ploughing load was 
taken up in all but the deepest land on second gear without faltering. On three 
occasions in the stiff day belts at 9 inches depth recourse had to be made to first 
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gear, but engagement was not required for more than 10 yards of run, when second 
gear could be re-engaged. 

The starting times from cold are recorded below :— 


20th November 1930 

. 

. 




• • 

10 minutes. 

21st November 1930 


• 

• 

. 

. 

• • 

18 „ 

22nd November 1930 

, 

. 

• 

. 

e 

# 

16 „ 


On the first day 0'47 inch of rain fell on the previous night, rendering a post¬ 
ponement for some two hours necessary. 

Exhaust .—The exhaust remained absolutely clean when ploughing, and only 
smoked slightly on running light when turning at the headlands. 

Regularity .—This was very good, and when it hit a bad patch of soil the tractor 
stuck to Its work in a very remarkable manner. The power fell off somewhat to¬ 
wards the end of the second day. The exhaust parts and Bilencer had never been 
cleaned since starting (about 6 weeks). On attending to this on the second evening 
the normal power was Bhown on the third day. 

Cooling .—This was very good in spite of the fact that the fan belt was on the 
slack side, very little make-up water was ever needed. 

Evenness of pull .—The spring draw-bar gave excellent results. 

Overload release on clutch .—This came into action when working the 10 ft.. Baron 
disc harrow on the first day. 

The figures given below show the total time worked with each implement, the 
area covered and the fuel and lubricating oil consumed. The costs of the same at 
Pusa are given together with the corresponding costs of kerosine oil. 

Statement showing output, consumption and cost of cultivation by Lanz 
Tractor on 20th-22nd November, 1930. 

Total acreage. 


1. Ploughing 

2. Hamming 


Time 
H. M, 
6 59 
3 23 


Acre 

6*00 

7*20 


0*92 

2*12 


1* Pohighlng . 

2. Hiae-hanowing 


Acreage per hour. 
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Cost per acre. 

R*. 

1. Ploughing • • • .194 

2. Diao-harrowiug .... .0 10 0 

Cost per hour.. . . . 167 


Consumption and ooU of fnd, etc., per hour. 


1. Crude Oil 

2. Mobil Oil BB 

3. Mobil Oil C 
4 Kerosine Oil 
6. Grease 

6. Waste 
7 Labour . 


. 8 seers* 
. lOchs. 

• 8 ohs. 

• 3 ohs. 

. 1* ohs. 

. i ohs. 


Bs. 

0 9 4 
0 6 8 
0 1 9 
0 0 7 
0 0 7 
0 0 2 
0 2 6 


Total oust per hour . 15 7 


Cost of heroine oil . 

Per gallon without freight •. . . . 0 11 7 

Cost per seer (1 gall. -= 3 srs. 14 ohs.).0 2 11 

Cost of crude oil. 

Per gallon without freight . .033 

Cost per seer (1 gall. « 4 srs. 4 chs.) . . ...... 0 0 9 


The general working costa over the period 11th to 31st, October during which 
the tractor has been employed on the farm are given below :— , 

Ra. 

1. Diso-harrowing. . 0 10 7 

2. Grabbing.0 10 3 

Cost per hour.122 

No difficulties have been encountered. The ordinary mistri staff employed 
here to work our other tractors has started and worked the crude-oil tractor without 
difficulty. 

Decarbonisation and cleaning of the air-filter and exhaust parts is necessary, 
say, every 60 hours’ running or once a week, and the fusible plug should be with¬ 
drawn and cleaned each morning. No difficulty is experienced in these operations 
and the time taken is one hour for the weekly cleaning. The cost of kerosine 
shown in the working figure refers to oil consumed in the starting blow lamp. 

*1 mot - 16 ohs. = 2 It*. 




















PLATE XXXI, 



Lanz Bulldog Tractor. Mechanism of Fuel Supply and Fuel Pump shown in Section. 

































PLATE XXX. 



Front part of Lanz Bu^dog shown in section. Hot bulb and fusible plug at left end. 
























PLATE XXVIII. 






PLATE XXVII, 



Lanz Bulldog Tractor hitched to a Ransome's 3-furrow self-lift plough at woik on Pusa Farm. 
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The tractor will now continue to work in the ordinary farm routine for the 
next three yean to enable us to collect data as to upkeep and repair costs for 
comparison with the other tractors working alongside. 

Samples of the fuel oil used were on view at the demonstration. 

Three points were clearly shown in the demonstration. 

1. Marked saving in fuel costs per acre. 

2. Absence of any difficulty in starting or control. 

3. Necessity for implements designed to the actual H. P. of the tractor to 
obtain optimum results, the advertised H. P. being different from the American 
rating to which the buying public is accustomed. 

Illustrations (Plates XXVII—XXXII) are given, showing the tractor and the 
actual working parts which require attention. 

The hot bulb and the fusible plug are Bhown in Plate XXX ; both are remo¬ 
vable at short notice in the event of replacement being necessary. 

It must also be clearly understood that the engine, being a single cylinder, two 
stroke running very Blow, is capable of going into reverse without warning when 
idling, and care must be taken on re-starting the tractor when engaging gear to see 
if this has happened, otherwise the tractor will run back on the implement and 
damage both. 

As the scavenging stroke is also the explosion stroke, it is obvious that both 
inlet and exhaust ports muBt be kept quite clear as the exit of the spent gases and the 
entrance of the clean air are both made without compulsion; for this reason it is 
essential to clean the exhaust and air-filter every 50 hours’ working. 



GRAIN MARKETS IN THE NORTH OP THE CENTRAL 

PROVINCES* 


BY 

P. D. NAIR, M. A., L. Ag. (Hons.), 

College of Agriculture , Nagpur. 

Introduction. 

The northern districts of the Central Provinces, embracing the two plateaux 
and the intervening valley of the Nerbudda, constitute the well-known wheat belt of 
the Province. The long and narrow valley of the Nerbudda, bounded on the north 
by the Yindhyas and on the south by the Satpuras, “ formed of deep alluvial 
deposits of extreme richness ” extending over an area of 200 miles by 20 miles, is one 
of the most fertile tracts of the Province, and is, in the winter, one huge, unbroken 
sheet of wheat. As the land rises on either side and the soil becomes poor and 
rugged, wheat gives place to the hardier lesser millet. The area under wheat in 
this belt during 1929-30 amounted to 2,091,778 acres, representing 6 B per cent, of 
the total of 3,231,633 acres for the whole of the Central Provinces and Berar. In 
addition to wheat there is in this belt a very large area under pulses and oil-seeds. 

The average production of wheat alone in this belt amounts to more than 
15,688,336 maunds in a normal 3 ear. Its predominant position in the production 
of grain and pulses is evident in the fact that in the wheat trade it supplies 75 per 
cent, of the total exports from the Central Provinces and Berar, and 70 per cent, 
of the intra-provincial trade. The corresponding figures for pulses arc 60 per cent, 
and 60 per cent, respectively. 

The most important marketing centres are Eareli, Gadarwara, Piparia, Itarsi, 
Harda, Jubbulpore and Sihora. The total quantity of business done in some of 
these wholesale markets during the three busy months of April, May and June 
amounts to several crores of rupees. 

The Ganj. 

The market place is known in the vernacular as the gavj. The ganj is generally 
an open square bordered by the business premises of merchants and commission 
agents. There are no covered sheds or paved floors to accommodate the grain in 
inclement weather. Every adathiya claims the space in front of his shop up to a 

*Raad before the Agricultural Section of tile Indian Science Oongreee, Nagpur, in January 1081. 
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convenient distance u hie own, tod he keeps that space olean and plastered with 
cow dung. 

The ganj is the property of the Municipality or “ Notified Area Oommittee ” 
which generally oharges a small fee for allowing grain to come into it. The Commit¬ 
tee also makes some money by licensing the commission agents and weighmen. 

The organization of the market is extremely simple. The commission agents 
known as adalhiyas and dalah are the central figures. They are the intermediaries 
through whom the buyer and the seller must act. In theory there is nothing to 
prevent a man from going to the market and offering his grain for sale without 
enlisting the help of the adathiya, nor is there anything to prevent an intending 
buyer from bidding independently. But in practice no such step is over taken. 
Nobody dares to break through the immemorial custom and convention of the 
market. There is no market committee or any other similar organization to 
regulate marketing procedure. When any dispute arises an emergency panchayat 
is formed from amongst the by-standers to deal with it. In every market custom 
has established a recognized method of dealing to which everybody adheres. 

The “ Bepari ” and Village Sales. 

The beparis or itinerant traders who go from village to village and buy up the 
small surplus of individual cultivators occupy at the present time an important 
place in rural trade. In all markets these beparis are responsible for a large part 
of the arrivals. At Kareli they are responsible for 50 per cent, of the grain brought 
into the market, at Gadarwara for 30 per cent., at Piparia 90 per cent., and at 
Sihora for 50 per cent. But there is an increasing tendency on the part of the culti¬ 
vators to go to the market themselves. This is particularly the case with cultivators 
living in the neighbourhood of markets and in areas where communications are good. 
Whero the country-side is well served with a good system of roads, with bridges 
across rivers and mlas, there the cultivators go to the market unhesitatingly. 
Whero communications are defective, the cultivator sells his produce in the village, 
unless he has a large quantity of produce and bullocks sturdy enough to draw 
heavily loaded carts over rough roads. The condition of the means of communi¬ 
cation in this tract is none too good although it is steadily improving, and although 
all but a few villages in the jungly tracts are within easy reach of the railway. The 
main defect is brought out in the following extracts from the Settlement Forecast 
Report of the Hoshangabad District, 1913-18 :—“ The communications of the 

district are excellent in the open season.. But as soon as the monsoon breaks, 

all this is changed. The heavy alluvial soil becomes a morass impassable to 
wheeled vehicles and for four months communication with the market is practically 
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suspended. The result is that those cultivators—and they form the majority—who 
canno t afford to hold up their crops for that length of time at the risk of deteriora¬ 
tion, have to threeh and market it during April and May at whatever prices may 
be ruling." 

The beparis have very little capital of their own. Every bepari keeps a running 
account with an adathiya who advances him money whenever required. These 
advances are only for short periods—two or three weeks. If a bepari does not bring 
grain to the value of the advance taken within a month, interest at 12 to 18 per cent, 
is charged. The beparis do not advance money to cultivators at sowing time, nor 
do they buy standing crops. They amply buy grain for cash. 

It is often said that the bepari is an unwelcome parasite on the cultivators, depriv¬ 
ing him of a certain portion of his profits. But it must be remembered that the 
great majority of the cultivators have su ch a small surplus for sale that it is often not 
worth their while to go long distances over bad roads to market. It is true that in 
the market they will get a higher price than in the village, but the difference is not 
worth the time and the trouble. Enquiries made in these markets show that the 
bepari does not make fabulous profits. After meeting all expenses he is content if he 
makes a net profit of 8 to 12 annas per morn. That is the amount that the culti¬ 
vator Btands to gain by personally going to the market. The belief amongst the 
cultivators is that they might secure only about 2 to 3 per cent, more, and this they 
are prepared to forego for an earlier realization of cash in the village. 

Again, the ordinary cultivator feels a stranger to the methods and procedure of 
the wholesale market. The weights and measures confuse him ; he is accustomed to 
reckon in measures, while most of the wholesale markets transact business on the 
basis of weights. Correlating the two is for him a difficult matter. The cultivator 
who takes a certain measured quantity to the wholesale market finds himself 
considerably out of hiB reckoning when his grain is weighed. This causes a certain 
amount of suspicion that he is being cheated. He would willingly forego a wnnlj 
extra profit rather than stand all this Btrain. Thus, looking at the question fr om all 
points, one is inclined to think that the loss which the cultivator incurs by nailing in 
the village is not more than 5 per cent., but this sacrifice saves him a lot of worry 
and trouble. 

The question how far indebtedness prevents cultivators from going to the market 
is rather difficult to determine. But it appears that the old system of batidhor where¬ 
by the cultivator was given a loan at sowing time on condition that he sold the crop 
to the creditor at harvest, is fast disappearing. The village money-lender iB not so 
keen for grain to-day as he was some years ago. The development of easy means of 
communication has made the storing up of large quantities of gram unnecessary and 



GRAIN MARKETS IN THE NORTH OF THE CENTRAL PROVINCES 


365 


unremunerative. If there is a certainty that the advance taken from him will be 
returned in due time, he does not seek to prevent his client from taking the produce 
to the wholesale market for sale. 


The Sale. 

The method of settling the price varies from market to market. At Kareli, 
Gadarwara and Itarsi, the hail a system is used. The system at Piparia may be 
described as one of “quoting on samples At other places the price is settled by 
auction or liltm. Hatta , as the name indicates, is a system in which the transactions 
are settled by the secret manipulation of the hath or hand. The system works as 
follows :— 

The grain is heaped on the ground or kept in open bags. Then the dalal comes 
and stands before the heap and asks the buyers for their offers. One by one the 
buyers ofler their rates, not openly but secretly, by means of finger manipulations 
with the dalal . The dalal holds in Ins hand a piece of thick cloth covering the fingers 
and the palm. If a buyer wants to offer Ks. 15-4-3 he pushes his hand underneath 
the piece of cloth and says loudly “ Its. 14 " and grasps one finger of the dalal with 
an upward jerk. This is supposed to mean Rs. 14 + 1 — 15. Then he shouts 
“ anna ’’ and grasps four fingers, which means four annas. Then he shouts “ pies 
and grasps 3 fingers. Thus, by the weret manipulation of the fingers, each bidder 
offers his rate unknown to others. Each bidder can make only one offer and no other 
chance is allowed. The price offered is for the mani or kudo or mauhd according 
to the standaid current in the maiket : or it may e\cn be on the basis of so many 
seers |>cr rupee,, as at Jubbulpore. When all have offered, the dalal declares openly 
the highest bid and the bidder s name. 

This hatta system is very popular in certain markets. The merchants are full of 
praise for it perhaps because it is a system which secures several advantages to the 
professional trader. The ordinary cultivator, however, seems to look upon what 
goes on underneath the cloth with a sense of res|»ectful awe, and if one asks him for 
his opinion on the system, he says lie knows nothing about it. He simply accepts 
without question the declaration of the dalal. 

The system might conceivably work all right if the dalal were always anxious to 
get the best price for the seller. Hut this is not always the case. The dalal is only 
an agent of the adalhiya and the adathiya is always the buyer, and the dalal can 
help the adathiya to a cheap bargain in many ways. For example, suppose one 
bidder offers Rs. 25 and the next highest offer is Rs. 24-4-0. If the top-bidder is a 
friend of his, the dalal can easily help him by the simple expedient of declaring his 
bid at a figure just above that of the next highest bidder, say Rs. 24-4-3 instead of 
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Bs. 26. He thus saves his friend Re. 0-11-9. There is no way of detecting or con¬ 
trolling this species of cheating. 

The method of "quoting on samples” practised in Piparia market is as 
follows 

The grain is not heaped on the ground but remains packed in bags or carts as 
ft arrived. The adathiya collects a small san pie of about a pound fiom every lot 
that he has for sale. When the owner of the grain gives the sample to the adathiya 
he cleans it a little by blowing of the dust and picking out the bigger stones. The 
samples are then taken round to each adathiya in the ganj, and the grain is offered 
to the man who bids the highest price. The offerer then proceeds to compare the 
grain with the sample. This is a source of endless higgling. The buyer will say that 
the grain is not up to the quality of the sample and will reduce his offer. If the 
reduction is not acceptable to the seller, the buyer may declare the bargain off. But 
if this dispute over quality starts after the grain has been heaped on the ground, a 
panohayat is called and its decision is final. 

In this system, as well as in halta, the privilege of buying in the market is 
confined to the professional commission agents—the adathiyas and dalals. Any other 
person who wants to buy must buy through them. The secrets of finger manipula¬ 
tions in halta are only known to the class of professional middlemen. Hatta tends 
to perpetuate the monopoly of the merchants in the matter of buying in the market. 
From the view-point of the merchant halta is a good system, while for the 
cultivator open auction is the better. In the system of quoting on samples the 
samples are taken only to the Rhops of established adathiyas. When a layman wants 
to buy he goes to an adathiya and requests him to buy for him. 

Sale by auction, or lilam, as it is known in the vernacular, is so common ‘that it 
needs no description. At Sihora sale is b\ open auction, but the bid is on the basis 
of so many seers per rupee. 

The Middlemen of the Market. 

We have already alluded to the fact that the commission agents are the central 
figures in these markets and that they fall into two classes (1) adathiyas and (2) dalals. 

(1) The adathiya is the more important person of the two everywhere. In some 
places like Piparia and Itarsi there are no dalals ; there th&adathiyo manages the 
wnoie business. The adathiyas , as a class, are the chief buyers in the markets, and 
they export grain in large quantities to places outside the Central Provinces, They 
also buy on behalf of persons like private local purchasers, on payment of a small 
commission. ThuR they buy, and sell, and act as commission agents. An adathiya 
may be either a kutoha adathiya or a pueoa adathiya, or both, aooording to the mode 
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of business he practises. The business of the kutcha adathiya is simply to get the 
grain sold in the market, and the remuneration for that is known as kutcha adath. 
It varies from eight annas to one rupee per hundred rupees of transaction. When 
the adathiya purchases jon behalf of somebody else he is a pucca adathiya, and the 
/enumeration for that is known as pucca adath. The same man generally does both 
kinds of transactions and receives both kutcha and pucca adath. For example, the 
adathiya buys on behalf of A the grain belonging to B. He receives pucca adath 
from A and kutcha adath from B. Pucca adath is charged at a higher rate than 
kutcha adath, about 12 annas to Be. 1 per hundred rupees. The adathiyas are in 
constant communication with outside merchants and frequently buy on behalf of 
merchants in Bombay and other places. In such transactions they get their pucca 
adath and all expenses besides. But when the adathiya buys of his own accord and 
sells later to another person he cannot charge any pucca adath. lie then charges 
the highest rate current on the day of the sale. This is mere speculation, buying in 
the hope of selling when prices rise. This forms a large part of his business. He 
buys large quantities of grain and stores it in huge bhandas for months together in 
the hope of selling when prices rise. The cash credit advance system of the Imperial 
Bank, and now of the Allahabad Bank, by which on the security of -the grain stored 
in a recognized place a merchant can get from these banks an advance up to 76 per 
cent, of the value of the stored produce, enables him to buy much larger quantities 
now than in the past. The adathiyas’ buying in the market and their speculating 
business increases the demaud in the market and tends to raise the price of the 
commodity. 

The adathiya performs a very useful function in the market. He has his perma¬ 
nent establishment of coolies, weighmen and the appurtenances of the trade, all of 
which is at the disposal of his clients. More than all, he is a financier and it is in 
this respect that he is most useful. When a bargain is settled through him, he pays 
cash to the seller the Bame day and enables him to clear off without unnecessary 
delay. The purchaser is given some time to pay—three to seven days. When grain 
is sent out to merchants for large sums he accepts hundis. Thus, operating 
through the adathiya is beneficial to both the seller and the buyer. His business is 
a species of discounting and the commission he charges is mostly a fee for thw 
discounting. 

The adathiya takes no share worthy of mention in the financing of agriculture 
in these parts. He sometimes lends money to cultivators or malguzars who are 
longstanding clients of his. He does not do this with the cultivators in 
general 

(2) Generally the dedal is a broker whose function it is to bring the buyer and 
seller together. He muBt hold a licence from the municipality. The dedal is not a 
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capitalist; he does not take upon himself the responsibility to pay the seller before 
the buyer has made payment; he has no concern whatever with accounts and 
payments. He bas no establishment of his own but works with an adathiya to whom 
he does his best to attract sellers. His business is with the actual sale, in which he 
is supposed to be acting on behalf of the seller, seeing that he gets a fair bargain 
and that he is not cheated over weighing and measuring. For these services he 
receives dalali. 


Expenses of Markeiing. 

An accurate estimate of the general expenses of marketing is rather difficult to 
make. They vary from market to market and all hough most of the items of 
expenditure are fixed and laid down by custom for the market as a whole, they are 
so elastic lhat they often vary according to the natuie of the commission agent and 
the seller. A very clever seller might escape some of the more unreasonable 
exactions and a good-natured commission agent might deal more liberally towards 
his clients. 

A fair percentage of the so-called “ market expenses ’’ has nothing to do with 
the actual marketing of the pioduce. Some ot them go to charity, others are social 
contributions, but whether for social or charitable objects the giver lias little say in 
the giving. They have become so much bound up with the other and legitimate 
market expenses that nobody questions the levying of them. 

The market expenses can be brought under three heads : - 

(1) Expenses incidental to marketing. 

(2) Charity. 

(3) Other charges. 


i. Expenses incidental to marketing. 

(a) Oelori. - This is levied only in big towns like Ttarsi and Jubbulpote. At 
Itarsi it is four annas per cart, irrespective of the quantity contained in the cart. 
At Jubbulpore it is two annas per bag. 

(b) Adath .—This is the remuneration of the adathiya for service rendered by him. 
It 18 eight annas to one rupee per hundred rupees. 

(c) Dalali.- This is the remuneration to the dedal for his services. It is in some 
places six pies per mani of grain, in others four annas per hundred rupees. 

Id) Majuri .—This is a general term which comprises remuneration given for the 
services of the various labourers in the market. It includes unloading, kattai or 
opening out bags, dheri or heaping, saphai or cleaning, chadai or putting the produce 
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into the series, shilai or stitching up bags, etc. The amount of this charge varies 
from market to market. On the average it is about one anna per bag. 

(e) Tulai or mojai, i.e., weighing or measuring.—Measuring is paid for at the 
rate of nine pies to one anna per mani. But in most places the weighntan is paid at 
the rate of eight annas per hundred rupees worth of grain. 

(/) Muthi— The term literally means a handful. A handful of grain is given as 
remuneration in kind or as an additional payment in kind for various services. 
A mnthi is two to six chataks. 


2. Charity. 

(а) ftharmadav .- This is a contribution to the charity fund of the place. 
Charity is, in theory, optional but long established custom has now made this a 
compulsory contribution. The adathiya deducts the amount from the price when he 
makes payment. The deduction under this head varies from three to nine pies 
per bag. It is sometimes collected from both the buyer and the seller. 

(б) Ramtila. In most of the places thore is a “ Ramlda fund ”, the contribution 
to which varies from three pies to one anna per seller. 

(c) Temple fund. In some places there is a separate conti ibution for temples. 
This is always in kind and the representative of the temple collects it on the spot. 
At Gadarwara a mutln per heap ol grain is given to each of the live important 
temples of the place. A mut/ii here varies from four to six chataks. 

(d) School fvnd.- At Kareli there is a school fund to which every seller is made to 
pay three pies per mani of grain. 

(e) (Joshala. At Itarsi the seller has to pay six pies per heap towards the main¬ 
tenance of a gofihala. 1 

3. Other charges. 

There are a number of small deductions, some in cash, some in kind, which 
appear to be extremely unreasonable. The total amount involved may not be 
much, but all the same the existence of these exactions is a legitimate grievance 
of the cultivator, the removal of which would go a long way to make the wholesale 
markets more popular. 

(а) When settling accounts the sellor is offered currency notes by way of pay¬ 
ment. Currency notes are of little use to the rural folks and naturally vhey ask for 
coin. A deduction of four to eight annas per hundred rupees is then made lor pay¬ 
ing coin. 

(б) Bhunj .—This is said to be a deduction for procuring small change to square 
the accounts and for distribution to the coolies. This is six pies per seller. 



AOMOtn/rURS AND LiVB-STOOK IN tNDlA 


thi*. 


$10 

(c) Muddath .—This is a deduction of four annas per hundred rupees common 
in Piparia for settling accounts and making payments to the seller on the day of the 
transaction, the normal time for making payment to the seller there being within 
three days after the transaction. 

(d) Bhanji .—This is an exaction in kind amounting to two pavs (8 ohataks) of 
grain per heap taken by the adathiya as a sample. 

(e) IAkhai.— This is a muthi given to the clerk of the adathiya for keeping 
accounts. 

(/) Chithimda .—This is another muthi given to the personal servant of the 
adathiya . 

(g) Swaraj Fund .—This is a new collection introduced this year by the adathiyas 
of Jubbulpore. It is three pies per bag. 

Detailed lists of the expenses of the seller in some of the important markets are 
given in the appendix. On an average these work out to about ten annas per mam 
of grain. 

Weights and Measures. 

Of all the problems connected with marketing in this part of the country, what 
defeats one s powers of comprehension moBt is tne inextricable tangle of weights and 
measures. There is an amazing variety of weights and measures in use in these 
markets. One hears of khandi, kudo , mani , paili paseri , seer, and so on. Then 
there are the bada kudo , chota kudo. The quantities represented by these vary 
from market to market, from village to village, and according to the kind of grain 
measured. In short, in no two places will any of the above-mentioned weights and 
measures have the same significance. For example, the quantity represented by a 
budo varies as follows :— 

I kudo in Jubbulpore . . 5 Reer>. 

Bo in Sihora . . . 4 „ 

Bo in Gadarwara (Bmall kudo) 5 seer-, I ch&tak . 

I)o do (largo kudo) 9 seers. 

Bo. in HoBhang&bad . . 9 „ 

These are for grain. For oil-seeds the weights and measures used have a 
different significance. In Itarsi market, where they use a kudo for measuring, the 
quantity represented by the kudo varies with the kind of grain as follows :— 

1 kudo for wheat Pissi . 9} goers. 

1 ,, i, i, Loi ■ • 10 „ 

1 „ „ Juar . 8 „ 

1 „ „ Gram . . H >. 

1 „ „ linseed . 8 „ 

1 „„ Til . . . 7 „ Jfclljwv. 

In some markets the practice is to weigh the grain. In others the grain is 
measured by a kudo or paili. 
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Weighing is done either on the beam-scale or on small hand-scales. At Jubbul- 
pore the accepted standard is the maund of 40 seers but they do the weighing by 
using a paseri of five seers. The task of converting all these local weights and 
measures into some well-known standard for comparison is a hard one for the un¬ 
sophisticated villagers. 

The confusion of weights and measures is confounding even to the shrewd bepari 
and he often loses, especially when prices tend to fall. This was particularly the 
case in 1930 when prices continued to fall steadily. In the villages round about 
Piparia they use a paili of 90 tolas and 192 pallis make one main. In the wholesale 
market at Piparia the mani is of 200 seers, each seer being of 96 tolas . Thus there 
is a difference of 1920 tolas between the village and bazaar measurements ; the 
bazaar measure being bigger by that amount. With prices steadily falling, the 
difference between the price already paid in the village and the price realized in the 
wholesale market tends to vanish. 

People in general prefer weighing to measuring as they realize that weighing is 
more constant and offers fewer opportunities for manipulation. If the mojaiwala or 
measurer has a particular leaning towards the buyer, he can always during measuring 
give the buyer more grain by certain tricks like pushing the paili with greater force 
into the heap, pressing the grain with his hand while filling, and by carrying some 
more grain over the fingers m the process of throwing. All this is done with such 
deftness and quickness that it is difficult for an ordinary person to detect. But it is 
said that, if the man who measures is so inclined, he can throw one extra chatak of 
grain in every paili . In fact, to keep him neutral it is the practice in some markets 
for the seller as well as the buyer to remunerate him. 

The author wishes to express his indebtedness to Mr. J. C. McDougall, Deputy 
Director of Agriculture, Economics and Marketing, Nagpur, for his assistance in the 
preparation of this paper. 

APPENDIX. 

Expanses of the Seller. 

• . • 6 pies per mani . 

. . . 12 annas to one rupee per hundred rupees. 

• • • One anna per mani and one muthi. 

. . . One anna per bag and three muihis. 

• . • One anna per mani and one muthi. 

. • 4 pies per mani . 

... One anna three pies per hundred rupees. 

. . . Three pies per mani. 

• • • Four annas per hundred rupees. 


1. Kardi — 

Dalali 
A doth 

Cleaning . 

Majuri . 

Measuring 
Dhamadw 
JRamlUa . 

School 

For payment in ooin • 
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Expanses of the Sedaei— contd. 

1 Qadarwara-- 

Dalaii 

• 


. . Six pies per mani . 

Adath 

• 


. . Fight to 12 annas per hundred rupees. 

Cleaning . 

• 


. . Six pies per mani. 

Majuri . 

• 


a . One anna per hag and four muthia of grain. 

Weighing 



• . (Inc anna per mani. 

Dharmadav 

• 


. . Three pies per mani. 

Samples . 

• 


. Five mnthi* of grain (of four chatafa each). 

Cleaning the ground . 

• 


• . One muthi. (4 to 0 chatakfi.) 

Waterman 

• 


. . One muthi. ,* 

OMthkoala 

• 

• 

. . One muthi „ 

8. Piparia — 

Adath 

Majuri . 

% 


. . Twelve annas to one rupee per hundred rupees. 

. • One anna per bag. 

Weighing 

Dharmadav . 

a 


• . One anna pe; bag. 

. . Two annas per hundred rupees. 

Randtia . 

a 


. . Three pies per seller. 

For paymeut in coin * 

a 


. . Four annas per hundred rupees. 

Muddnth . 

• 


• . Four annas per hundred rupees. 

4. Itarii — 

Adath 



. Twel\e annas to one rupee per hundred rupees. 

Octroi 



. . Four anuaa per cart. 

Measuring 



. . Nine pies per mani. 

Majuri . * 



. . One anna per bag. 

Dharmadav 



. . Three pies per mani. 

RumlUa , 


a 

* . 4$ pies per mani. 

Temples . 


a 

. . 1 wo i>av6 of grain. 

Servant of adathiya . 


a 

. . One pav of grain 

For payment in Coin . 

• 

• 

. . Four annas per hundred rupees. 

Sweeping the ground 

• 

a 

. . One pav of grain 

Qaxhala . 

• 

• 

. , Three pies per mani. 

6,Sihora — 

Adath 

• 


. . Eight to twelve annas per hundred rupees. 

Octroi 

, 


r .One anna six pies per cart. 

Weighing 

• 


• . Eight annas per hundred rupees. 

Majuri 

• 


• . Six pies per bag or five chatahs of grain per bag. 

Dharmadav 

• 


. . 4} pies per bag. 

Ramliia 

• 


• . Six pies per hundred rupees. 

For payment in ooin „ 

. 


. . Four annas per hundred rupees. 

Bhunj 

. 


• . Six pies per heap. 

Sweeping the ground 

. 


. . One muthi (2 to 4 ehataks). 

Temples . 

• 


. . Three pavs per bag (for 2 temples). 

Adathiya'a servant 

• 


1J pee per seller, 
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Expenses 

of the Seller— conoid. 

J Millport— 

Mali 

. . » 

. Four annas per hundred rupees. 

Adath . 

. . « 

. Twelve annas to one rupee per hundred rupees 

Ootroi 

. 

. Two annas per bag. 

Weighing 

• • • 

. Eight annas per hundred rupees 

Majuri 


. Six pics per bag. 

Dhannadav 

♦ 

. Nine pies per bag 

for payment in onin . 


. Two to four annas. 

Eh*nj 


• Eight chataks of grain. 

Waterman 

• 

. Four chalaks of grain. 

Sweeping the ground . 

• 4 

. Four chatrk* of grain. 

Adaikiya'i servant . 

4 4 * 

. Four chatalcs of grain. 

Dalai** servant 

* 

. Four chataks of grain 

Swaraj fund 

.44 

. Three pies per bag. 






POTATO STORAGE IN THE CENTRAL PROVINCES. 

BY 

JEHANGIR FARDUNJI DASTUR, M.So., I.A.S. 

Mycologist to Government, Central Provinces. 

Many parts ol the Northern Districts of the Province are important potato-growing 
centres where potato is chiefly grown as a rabi crop; the area under cultivation of 
this important food crop is capable of being increased, but the limiting factor is the 
difficulty of storing potatoes from the time they are lifted from the ground in Feb¬ 
ruary or March till the time of planting the seed (tubers) in June for the khatif 
crop and in October for the rabi crop. During this period of seven or eight months 
two entirely different climatic conditions have to be taken into account in evolving 
methods of storage. Soon after the tubers are harvested, the day temperature 
begins to rise, and ultimately in most parts the maximum day temperature normally 
rises above 100°F. and in some places even above 115°F.; whereas there is a 
considerable fall in the atmospheric humidity. With the break of the monsoon 
there is a drop in the air temperature, but there is at the same time a rapid rise in 
atmospheric humidity. Thus during summer months potatoes have to be 
protected against the effects of excessively high temperatures and low atmospheric 
humidity; whereas during the monsoon the tubers have to be protected against the 
effects of high humidity. 

There is ordinarily a great amount of loss of tubers during summer months. 
The chief cause of this loss is “ heat rot ” or “ black heart ”, a disease not due to any 
parasitic organism but is the result of the effects of high temparature. The diseased 
potato Bhows a black discolouration in the heart or the centre of the tuber, due to 
changes taking place in the local areas of the tuber brought about by the death of 
certain cells; this discolouration increases in area and the whole tuber may be 
ultimately involved. The affected parts are later reduced to a pulp and the tuber 
ultimately gives off an offensive odour, and drops of a dirty coloured liquid ooze 
out of the skin, particularly from the “ eyes ”. 

Other diseases that are commonly found to be destructive to tubers under storage 
conditions are rots, wet and dry, caused by Fusarvum spp., Rhizoctonia bataticola and 
bacteria. 

Several experiments have been conducted for evolving suitable methods of storage; 
for the Btorage there has been a two-fold object, one to preserve potatoes for use as 
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seed for kharif and rabi sowings and the second to store potatoes for the table use, 
daring summer months. 

The essential condition for the storage of potatoes is that each individual tuber 
must be sound in every way; it must be not only free from disease, but its skin must 
also be unbroken. Therefore potaoes were rigidly selected before they were used 
for storage. Any tuber that showed even the least sign of disease or had its skin 
broken, was rejected. These rejected tubers were quite good enough for immediate 
consumption. For the storage experiments potatoes were usually purchased from 
the local market; in very few cases were they the selected produce of a potato 
farm; tubers of all sizeB were stored together, since the object was not only to find 
ways and means of storing Beed potatoes but also potatoes for table use. 
Since the potatoes w ere bought from the bazaar, there was the danger of the 
tubers being infected by the potato moth, and therefore the tubers after they were 
selected were fumigated with petrol. A wad of cotton soaked in petrol was placed 
at the bottom of a bin which was then filled with tubers. This bin was closed 
with a tight fitting lid. The rim of the lid was sealed with moist mud to make 
the bin as much air-tight as possible. The tubers were left in the bin for 24 hours. 
Fumigation with petrol is not essential if the tubers are free from infection by the 
potato moth. For the fumigation three pints of petrol per 100 cubic feet were 
used. 

The method of storage in rooms, whether the tubers are packed in gunny bags or 
are preserved in sand or ash or kept exposed on racks, has been repeatedly found to 
be uneconomic and unsuccessful. At the end of the experiments hardly a few 
sound tubers are available. The method which has been found to be the most 
successful, after several trials for the last four or five years, is described below. This 
method of storage during summer months—from the end of February to the begin¬ 
ning of June—has been successful not only in cool parts of this Province, like 
Betul and Ghhindwara, but also in Nagpur, where for long periods during summer 
months the maximum day temperature is normally above 110°F. (Plate XXXIV, 
fig. 2.) 

A pit, about 24 to 30 inches deep, is made in the ground where the tubers are to 
be stored. The pit may be oircular, rectangular or of any shape; the floor area of the 
pit depends on the quantity to be stored, but the depth of the pit is of importance. 
It should not be so deep that the tubers at the bottom of the pit are crushed by the 
weight of those piled above; a depth of 24 to 30 inches has been found to be 
satisfactory, The floor of the pit and its sides are watered a day before the tubers 
are to be stored to lower the temperature. Just sufficient water should be used to 
make the sides and the floor feel slightly damp and oool to the touch the next 
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morning. If the pit feels too wet, the storing of tubers should be put off till it is 
sufficiently dry. 

The storing should perferably be done in the course of the morning before the 
day temperature rises. The floor of the pit and the sides should be lined with dry 
leaves or sugarcane trash, both of which arc easily available at the time of the year 
the storage has to be done; they serve to insulate the tubers from the soil; potatoes 
kept covered in pits are liable to “ sweat due to processes of transpiration and 
respiration; the accumulated moisture brings about various rots; to avoid sweat¬ 
ing ”, and to have free aeration in the pits, pieoes of hollow bamboos with the 
septa at the nodeB removed and having holes on the sidos are used to serve as 
“ chimneys ” or ventilators (Plate XXXIII and Plate XXXIV, fig. 1). These 
bamboo pieces or chimneys are about four to five feet in length, long enough to 
stand beyond the topmost cover or roof of the pit. The nodal septa are easily 
broken by forcing an iron rod or a crowbar through the openings at the cut ends; or 
the bamboo piece is split longitudinally into two and the septa then removed ; holes 
are bored or cut in the sides, one hole to each internode. It is preferable to have 
the holes made on different sides of the bamboo piece. If the bamboo is split into 
two, the two component parts are tied together, to keep them in position. These 
bamboo pieces or chimneys are placed vertically in the pit at a distance of three to 
four feet apart. The pits are then filled with the potatoes to be stored. The 
tubers are spread out in the open the night previous to their being stored, so 
that they may be as cool as possible at the time of storing^ 'The pits are filled 
with tuliers up to about (> inches below the brim, and then covered with a thick la\ er, 
eight to twelve inches deep, of dry leaves or sugarcane trash (Plate XXXIIT). These 
dry leaves or trash are kept in position and are prevented from being blown about 
by wind by placing over the pit a cover made of some thatching material, like dry 
grass or leaves, held together in a frame work of split bamboos or sticks. This 
cover is held in position by placing on its margins bricks or heavy stones to prevent it 
from being dislodged by small animals. The vent holes on the exposed parts of the 
chimneys or ventilators, which protrude beyond the roof of the pit, are covered in 
such a way, with wire gauze or pieces of old sacking or dry grass, that insects and 
rodents do not get entrance into the pits through these openings but at the same time 
fresh air is allowed to circulate in the pit through the covered holes. These pits are 
preferably made under a tope of trees (Plate XXXIII, fig. 1), or they should be 
protected by a temporary shed of some sort (Plate XXXIII, fig. 2) so as to keep 
off, as far as possible, direct rays of the sun and also to serve as a protection 
against sudden rain storms which are sot uncommon in the latter part of s umm er. 

Hound the pits a trenoh. about six inches deep and four inches wide, is made. 
This trench serves as as irrigation channel. The storage pits are occasionally 
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irrigated to reduce the temperature and to raise the humidity inside the pits. 
They are usually irrigated once a fortnight or once in three weeks, but the number 
of times the irrigation is done depends on the temperature and humidity of the 
air. 

It is undesirable to store too large a quantity in a single pit. This is to avoid 
the possibility of the spread of disease. For the requirements of the potato dealer 
who lias to take his stuff to the bazaar on bazaar days it is suggested that these 
pits may be of such a size that his requirements for each individual bazaar day may 
be met by the entire contents of one or more pits, so that the same pit may not 
have to be opened and closed over and over again. 

The pits made one year can be used the following years and so also the bamboo 
chimneys or ventilators. Thus the cost of storing potatoes by this method is very 
little after the first year of storage. 

The tubers when removed from the pits in the second week of June or before the 
break of monsoon show a certain amount of germination, especially those at the 
bottom oi the pit. These tubejs are healthy and can be utilised as seed for Jharij 
sowing. This underground method of storage can be used only in the dry season, 
llefore the rains set in the stored tubers must be removed from the pits. 

The results of some of the storage experiments are given below (Table 1): - 


Table I. 


Details 

Quantity btored 
in Febi uary 

Ibe. 

Quanlity of 
Bound potatoes 
recovered in 
.June 
lbs. 

Percentage 
t of 

sound tubers 

Year 1926. 

Chhtndwata . Stored in pits. 



Fumigated, treated (pickled in mercuric 
chloride). 

304 

267 

87 % 8 

Fumigated, control . ... 

i 174 

128 

73'5 

Nagpur* 

Fumigated, nnselected oontiol • ! 

Stored in pita. 

40 

11 

27 6 

„ selected, treated (mercuric 

chloride). 

65 

46 

83-8 
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Table I —oontd. 


Details 

Quantity stored 
in February 
lbs. 

Quantity of 
sound potatoes 
recovered in 
June 
lbs. 

Percentage 

of 

sound tubers 

l 


Year 1927. 




Okhindwara. Stored in pits. 



Fumigated, treated (merouric chloride) . 

744 

640 

86 

» tt (uspulun) 

• 

480 

398 

83 

„ control . 

• 

334 

311 

93 


Betul. 

Stored in pits. 



Fumigated, treated (mercuric chloride) 

383 

367 

94*5 

» „ (uspulun) 

• 

380 

356 

93*6 

„ control 

• 

351 

335 

94 


Nagpur . 

Stored in pits. 



Fumigated, treated (mercuric chloride) 

198 | 

183 

97*9 

„ „ (formalin) 

• 

185 

158 

85*4 

,, „ control 

• 

203 

149 

73*3 


Year 1928. 


• 


Chhindwara. Stored iv pits. 



Fumigated, treated (formalin) 

* 

1,080 

845 

78*4 

„ control 

• 

974 

780 

801 

Unfumigated, treated (formalin). 

• 

506 

457 

90*3 

„ control 

• 

493 

429 

87 


Nagpur. 

Stored in pits. 



Fumigated, treated (formalin) 

9 . 

161 

122 

80*7 

„ oontrol 

* 

158 

130 

82*2 

Unfumigated, treated (formalin) . 

• 

144 

117 

81*2 

„ oontrol 


106 

85 

80*1 
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Table l—omtd. 


Details 

a 

Quantity stored 
in February 
lbs. 

Quantity of 
sound potatoes 
reoovered in 
June 
lbs. 

Percentage 

of 

sound tubers 

Year 1929. 



Ohhindwara . Stored in pits. 



Selected, fumigated, steeped in formalin 

1,050 

930 

88 6 

„ „ formalin fumes 

1,126 

914 

81-1 

„ „ untreated 

1,784 

1,400 

78*6 

„ not fumigated, steeped in formalin . 

062 

646 

82*7 

it ,9 »9 not treated 

652 

396 

60*7 

Not seleoted, not fumigated, not treated, 
control. 

440 

320 

72*7 

Year 1930. 



Nagpur . 

Stored in pits. 



Seleoted, not fumigated . . | 

2,570 | 

| 2,328 j 

90*6 


The tubers were treated with fungicides, like formalin, mercuric chloride and 
uspulun, before storing them in pits to see if the treated ones kept better as seed 
than the untreated ; but after several trials it was found that if the tubers to be 
stored were well selected, there was no need of pickling them, as these fungicides did 
not influence the keeping properties of the tubers. 

The following treatments were tried :— 

(1) Tubers were pickled for half an hour in a solution or formalin made up 

by mixing one pint of commercial formalin in 30 gallons of water. 

(2) Instead of pickling tubers in a solution of formalin they were subjected 

for three hours to its vapours. A doth soaked in a solution of 
formalin (one pint in 30 gallons of water) was spread on the floor 
and a layer of potatoes was heaped on it. Formalin solution was 
then lightly sprinkled on the layer and then another layer was piled 
on it, and this seoond layer was similarly sprinkled with the 
formalin solution. Layer after layer of tubers was thus piled up and 
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each layer was similarly treated. The whole heap was then kept 
covered for three hours with gunny sacking moistened with the 
formalin solution. 

(3) Potatoes were pickled in a mercuric chloride solution, 4 os. in 30 gallons 

of water, for hours. 

(4) Uspulun solution, 2 oz. in 5 gallons of water or 0 25 per cent, strength, 

for 1J hours was used for pickling the potatoes. 

The treated tubers were well dried in shade before storing them in pits. 

The variations found in the results of the last five years tabled above arc due to 
the difference in the quality of tubers. As the potatoes for storage were chiefly 
purchased from local bazaars, the quality has not naturally been the same every 
year ; the proportion of healthy to diseased tubers has varied considerably from 
year to year. In some years potatoes have been obtained which were very clean 
and practically free from disease, whereas in other years the proportion of diseased 
tubers to healthy tubers has been very high. It is this difference in the quality of 
potatoes that accounts for the difference in the quality of the marketable tubers 
obtained from the storage pits. 

Potatoes have been also stored in rooms dining the summer months—the 
tubers being either kept exposed in single layers on racks, or on floors, or covered 
with sand or ash, or kept in gunny bags and in all cases the quantity of marketable 
tubers obtained at the end of the experimonis has been very negligible, and so the 
results are not given in a tabulated form. These experiments, which serve as 
controls for the pit-storage experiments, have been done in Nagpur, Chhindwara and 
Betul. • 

Many attempts have been made to preserve, during the rains, potatoes to be 
used as seed for the rahi sowing. The humidity during monsoon months is 
sufficiently high for the dormant eyes to begin to sprout; in places like Chhindwara, 
Betul and Nagpur, where < xperiments have been oiten tried, the loss of tubers as a 
result of sprouting is very heavy ; when preserved in sand or ash less than 20 per 
cent, good seed is available by the end of the rains. It has been evident that 
during the rains seed potatoes cannot be prevented from sprouting in places where 
the humidity is high ; therefore last year tubers stored in pits in Nagpur during 
the summer months were stored during the rains at Akola, which is during the rains 
drier than Nagpur, where a duplicate series of experiments was also tried. 

The potatoes before being stored during the rains were treated with fungicides, 
like copper sulphate or mercuric chloride, to see if they have any influence in 
cheeking the sprouting of tubers. 
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The results obtained at Akola and Nagpur are given below (Table II). 

Table II. 


Storage experiments from June to October, 1930. 



Exposed on 
racks 


Stored in 
bags 


Stored in 

sand 


Stored in 
ashes 

Treatment 

Quantity stored in lb. 

Total weight at the end of the 
experiment in lb. 

Percentage of healthy tubers 

Quantity stored in lb. 

Total weight at the end of the 
experiment in lb. 

Percentage of healthy tubers 

Quantity stored in lb. 

Total weight at the end of the 
experiment in lb. 

Percentage of healthy tubers 

Quantity stored in lb. 

Total weight at the end of the 

6 

B 

3 

1 

9> 

Percentage of healthy tubers 

Selected, untreated 






Akola Farm. 






135 

63 

4«r> 

135 

12 

9 0 

135 

66 

41*6 

135 

51 

38*0 

Selected, tr eated 
with mercuric* 

chloride. 

13 o 

49 

36*5 

135 

12 

9-6 

135 

43 

33 

136 

40 

300 

Selected, treated 

with copper 

sulphate. 

135 

31 

230 

135 

34 

1*8 

135 

15 

12 

136 

20 

15*0 

Selected, untreated, 
control. 

01 

20 

34*3 

61 

6 

i\ayjjur. 

11*0 61 

1 

17 

30-4 

67 


0 

0*0 

Selected, treated 
with mercuric 

chloride. 

47 

12 

28*5 

47 

0 

0*0 

47 

10 

17*4 

67 


0 

0*0 

Selected, treated 

with copper 

sulphate. 

I 

57 

6 

9*9 

57 

4 

6*5 

57 

5 

11-9 

57 


0 

t 0*0 


These results show that during the monsoon months potatoes can be preserved 
as seed better in a less humid place, like Akola, than in a moist place, like Nagpur. 
But as Berar is not a potato-growing tract, the seed has to be transported for 
storage from, and retransported for sowing to, the potato-growing districts in the 
north of the Province ; the cost of this transport, both ways, has to be taken into 
account when considering the economic value of storing in the Province potatoes 
as seed for rabi sowing. 

Our experiments have shown that in this Province during the summer months 
potatoes can be preserved underground at a very small cost and without any 
appreciable loss, both for the table use and as seed for Jcharif sowing ; but whether 
during the rains potatoes to be uBed as seed for rabi sowing can be economically 
stored is a problem for further investigation. 
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FLAME-THROWERS IN LOCUST (,SCHISTOCERCA GREGARIA, 

FORSK.) CONTROL. 

BY 

KHAN A. RAHMAN, B.So. (Edin.), 

Assistant Professor of Entomology, Punjab Agricultural College, Lyeittpur. 

Introduction. 

The flame-throwers were first introduced during the Great War as a weapon 
in human warfare, and when a locust outbreak occurred in Syria during 1916-1918, 
the Germans employed these machines to fight this pest [Bodkin, 1929]. After the 
war, .Vayssiere [1919] employed army flame-throwers in his campaigns againBt 
Dociostaurus maroecanus, Thnb., in the South of France, in 1919, and on account of 
the large measure of success attained he very strongly advocated the use of these 
machines against locusts. Duiing the same year Bazile [1919] omployed flame 
guns against tichistoccrca tatarica , auct.* in Algeria and confirmed Vayssiere’s 
results. In the following year (1920) locusts were destroyed in Turkestan by 
directing jets of burning oil on them by means of special knapsack apparatus 
[1920]. In 1928, Bodkin [1929] in Palestine and Mistikawy [1930] in Egypt 
evolved their own special types of flame “ adaptors ” and, attaching them to con¬ 
tainers of compressed air spraying machines, employed them against .S' 'chistocerca 
gregaria, Forsk. Uvarov [1928], summing up the position, say-, about the flame¬ 
thrower :—“ The cost, however, is very great, and is more than six times that of 
using poisoned baits ; this fact ulone is sufficient to regard the use of flame¬ 
throwers and burning generally as methods without any future.” 

In order to find out the utility of the flame-thrower as a weapon, in locust 
warfare under local conditions, Bodkin's flame-throwers were given extensive trials 
in the Punjab during the locust season of April-May, 1930. With a view to deter¬ 
mine the oost of working these machines detailed observations were made, in a 
number of cases, the quantity of fuel used was determined and the weight of 
hoppers and adults killed was ascertained. To test these machines under different 
topographical and agricultural conditions in the Punjab, the operations were 
carried out in Ihe districts of Hoshiarpur,t Ambala (RuparJ sub-division) and 

*Synonym of JSMdtocerca gregaria, Forsk. 

f&oshiat pur.—It is situated between 30° 59' and 82° 5' N and 75° 30' and 76° 38' E. It is a 
typically submontane traot. It possesses a rich flora and consequently is very .well wooded. Its 
animal rainfall is 34". Green hedges round fields is a'feature of this locality. 

X Bapar ,—It lies between 80° 45' and 81° 13' N. and 76° 19' and 78° 44' E. It is a submontane 
traot and is wall wooded. Its aonnsl rainfall is 88". 

( 882 ) 
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Campbellpur.* A squad of seven men with a battery of ten flame-throwers was 
employed. At the time of the trials the hoppers were mostly in the fifth stage and 
in some localities the adults had actually emerged. 

I take this opportunity to express my sincere thanks to Mr. M. Afzal Husain, 
Entomologist to Government, Punjab, Lyallpur, for his very valuable suggestions 
and guidance during the progress of these experimental trials. I must also express 
my thanks to the Deputy Director of Agriculture, Jullundur, Deputy Commissioners 
of Hoshiarpur and Campbellpur, and Sub-divisional Officer, Rupar, for their very 
kindly affording facilities and rendering necessary help during the progress of the 
experimental trials in their respective districts, and to Mr. T. A. Miller Brownlie, 
Agricultural Engineer to Government, Punjab, Lyallpur, for his help in getting 
the machines fitted up for this work. 

Description op the flame-thrower. 

A flame-thrower is essentially a pneumatic knapsack sprayer fitted with a flame- 
projecting appliance. Its construction is explained in Fig. 1. The machines 
employed in the following experiments were- Four Oaks Pneumatic Knapsack 
Sprayers, “ Wceford ” pattern and “ Kent M pattern. These machines are carried 
on the back of operators. 



^Oam^beltjmr .—It lies between 33° 46' N. and 72° 22' E. It ia a hilly tract with a considerable 
am of level ground. Its flora is scanty, and annual rainfall is 17"-24". 


2 L 2 
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Method of charging the Flame-thrower. 

In the “ Weeford ” pattern, before charging with the fuel the pressure in the 
machine is raised to 15 pounds per square inch. The rose-end suction hose is 
then screwed on to the intake or suction tube, and placed in the vessel containing 
the fuel. By working the pump, the requisite quantity of the fuel—about 2 
gallons—is sucked into the container and simultaneously the pressure rises to 50 
pounds per square inch. The suction liose is then disconnected and the machine 
is ready for use. 

To charge the “ Kent *' pattern the screw cap of the charge hole is removed and 
the required amount of fuel— two gallons poured into the container and the cap 
tightly screwed on. The pressure of 50 jxnmds p^r square inch is then produced by 
means of the air-pump. 


Preparation of the ‘Adaptor* for use. 

The copper protector is pushed back and the me'al “ basket ” is so fixed in 
position that the top of the nipple comes to lie within the basal portion of the 
“ basket ”. The asbestos cord is then soaked with fuel—the same fuel as is used in 
the machine—ar.d ignited. The copper protector is pushed foiward until it is in 
contact with the brass ring of the metal “ basket ” and tightened. The asbestos 
cord gets heated up in about a minute and the flame-thrower is ready for use. On 
opening the two taps the fuel is forced out under pressure, and passing through 
the lighted asbestos cord gets ignited and appears as a long tongue of flame. 

The machine takes four minutes to charge and produces a flame 15 to 20 feet 
long and about 1 foot wide. A single charge—two gallons of fuel—bums continu¬ 
ously for 12 minutes. 

Fufl. 

The fuel recommended by Bodkin [1929J is :— 

1. Deisel oil.2 parts. 

2. Petrol.I part. 

After a number of trials the following mixture w r as found to be the most 
suitable:— 


1 Kerosine oil.. 60 parts. 

2. Deisol oil . .30 „ 

8. Petrol.10 „ 


This mixture is as efficient as the one recommended by the inventor and at the 
same time it is cheaper, for it costs Rs. 1-9-3 per single charge of two gallons as 
compared to Rs. 2-13-2 per single charge of Bodkin's mixture. It issuggested that 
the ready prepared mixture be carried in barrels to the field of operation. It avoids 
waste of precious time and carriage of too many separate receptacles. 

Any oheap grade of kerosine oil, although slightly expensive, does equally 

well# 
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Experiments. 

(1) On the 25th of April, 1930, two thick keora (■Agave ap.) hedgeB, 330' longX6' 
wide and 49'long X 6'wide, in Basi Mustafa, District Hoahiarpur, were treated. 
There was no vegetation near the two hedges, the land on both Bides being fallow. 
Six machines were put to work and after two hours’ continuous work 25 Beers of 
fifth stage hoppers were destroyed. The kill was estimated at about 5 per cent. 
These hedges were very thick and the flame could not reach the hoppers that had 
dropped down to the base of the plants—hence the poor kill obtained. The fuel 
consumed was eight gallons. The cost of killing 25 seers of hoppers was Rs. 6-2, 
i.e., Rs. 11-12-9 (including labour) per maund of hoppers killed. 

(2) In the afternoon of the same day a thick swarm of hoppers was found 
resting on a few wallah (Zizyph"s « 'milceria) shrubs and 16 mango ( Mangifera 
indica) plants. Six machines were worked for two hours and killed 9 maunds and 
15 seers of hoppers. The kill obtained was estimated at 95 per cent. Seven gallons 
of fuel was consumed. The cost of killing 9 maunds and 15 seers of hoppers came 
to Rs. 5-5-9, or As. 11-3 (including labour) per maund of hoppers killed. 

(3) On the 26th of April, 1930, a keora (Agave sp.) hedge, 100'long X 4' wide, 
was treated with a view to Bee whether it was not possible to burn the hoppers at 
the bases of these plants. The attempt failed, for only 5 per cent, kill was obtained. 
Two gallons of oil was consumed and 8 seers ot hoppers were killed. The cost of 
killing 8 seers of hoppers come to Rs. 1-8-6, i.e., Rs. 9-3-6 (including labour) per 
maund of hoppers killed. 

(4) The same day hoppere Testing on bam ti (Adhaloda vasioa), mullahs (Zizyphus 
namilana), and sarkanda (Saceharum sara), etc., growing on the banks of a water 
channel (450'longx 20'wide) were treated. Five machines were put to \york, 14 
gallons of fuel was consumed, and 14 maunds and 23 seers of hoppers were killed. 
The kill obtained was 95 per cent. The cost of killing one maund of locusts works 
out to be As. 13-2 (including labour). 

(5) On the 27th of April, 1930, a thick swarm of fifth stage hoppers and newly 
emerged adults was resting on 11 mango (Mangifera indica) trees, and 100 mallah 
(Zizyph'.s nnniilaria) shrubs in Mai Mazara, District Hoshiarpur ; four machines 
were put to work, and 11 maunds and 3 seers of hoppers were killed, representing 
90 per cent slaughter. 

(6) On the same day a keora (Agave sp.) hedge, 200' longx5' wide, was also 
treated and only 25 seers of locusts were destroyed. The kill obtained was esti¬ 
mated at 5 per cent. In the above experiments—11 maunds and 28 seers of locusts 
were killed and 22 gallons of oil was consumed. The cost of the operation 

to Rs. 1-13-9 (including labour) per maund of locusts killed. 
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(7) On the 29th of April, 1930, a thick swarm was reported from Basi Muda 
Khan, District Hoshiarpur, and the following places were treated:— 

(a) A grave yard, 295' long X 100' wide. The ground was overgrown with 

basuti (Adhatoda vasica) and there were a few shisham (Dalbergia 
msoo ), her (Zizyphus jujuba) and sarin (Albizzia procera) trees. 

(b) A chhittarthor (Opuntia mvltiflora) hedge, 1,000'long X 13' wide, with 

a few sarkanda (Sacchannn sara ), kenra (Agave sp.) and shisham 
(DaJbergia sissoo) plants. 

(c) A phallia (Acacia modesta) hedge, 500' longX 10' wide, with a few basuti 

(Adhatoda vasica) and dan da thoi (Euphorbia royleava) plants. 

(d) A vara (Aranda donax) hedge, 490' longX 5' wide. 

Six machines were put to work. The work was done between 7-40 a.m. to 0-45 
p.m. and from 4-30 to 7-35 p.m., 84 gallons of fuel was consumed and 30 maunds of 
noppers were killed. The kill obtained waB estimated at 80 per cent. As Opuwtia 
hedge and ,s arkmda were growing very thickly, it was not possible to kill the hop¬ 
pers that had dropped among the bases of these plants. 

The total cost of working, including labour, came to Rs. 2-5-7 per maund of 
hoppers killed. 

(8) On the 30th of April, 1930, a very thick swarm of hoppers was met at Basi 
Nau, District Hoshiarpur. At this place a mango grove measuring 88'longX 50' 
wide was treated. The ground underneath the trees was grown over with lasiti 
plants. Five gallons of oil was consumed, and 2 maunds and 7 seers of hoppers 
were killed. The kill obtained was estimated at 95 per cent. The cost of killing 
one maund of hoppers works out at Rs. 3-8-6 (including labour). 

(9) At Sataur, a danda thor (Euphorbia royleava) hedge, 197' longX 5' wide, was 
treated. The three machines killed 28 seers of hoppers and consumed three gallons 
of oil. The kill obtained was estimated at 95 per cent. The cost of killing one 
maund of locust works out to Rs. 4-11-9 (including labour.) 

(10) On the 3rd of May, 1930, six machines were put to work along the left bank 
of Sirhind Canal, Rupar. The soil was sandy and grown over with sarkanda . With 
other plants it formed a continuous strip of green vegetation about $ mile long. 
The conditions were ideal for the use of the flame-throwers. The machines worked 
from 10 a.m. to 0 30 p.m., and from 4-30 to 7-30 p.m., and killed 21 maunds of 
hoppers and consumed 36 gallons of oil. The sarkawd'i bushes catch fire* readily and 
therefore the kill obtained was cent per cent. The cost of killing one maund of locust 
in this case came to Rs. 1-13-4 (including labour). In this experiment a very costly 
fuel, Swan kerosine oil, only was available and it cost As. 14-1$ per gallon, instead 
of As. 12-3. 
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(11) On the 4th of May, 1930, six'machines again worked along the banks of 
Sirhind Canal and treated hoppers resting on mango and shisham trees, etc. Dried 
sarkanda was spread underneath each tree prior to burning. The machines worked 
from 6 a.m. to 0-30 p.m., 15 maunds and 10 seers of hoppers were killed and 12 
gallons of oil was consumed. The kill obtained was estimated at 95 per cent. The 
cost per maund of hoppers killed came to Rs. 1-2-2 (including labour). 

(12) On the 9th May, 1930, the squad visited Mansar, District Campbellpur. 
Here the swarm was found resting on 55 mulberry plants, 23 drek plants, and a 
hedge, 30' long X 2' wide. Dried straw was spread underneath mulberry (Morns alba) 
and drek (Melia azedarach) plants. Six machines worked from 6 to 11-30 a.m., 
and from 6-15 to 8 p.m., and burnt 40 maunds and 20 seers of hoppers, and 46 
gallons of oil was consumed. The kill obtained was estimated at cent per cent. 
The cost per maund of hoppers killed came to As. 15-6 (including labour). 

In the above, only those cases have been mentioned in which actual quantity 
of the fuel used and the weight of hoppers and adults destroyed were worked out. 
In so far as hopper destruction was concerned, very useful work was done, but in 
Applied Entomology the utility of a measure has to be determined in relation to 
cost. In what follows the difficulties encountered and the experiences gained have 
been outlined. 


Cost op working the flame-thrower. 

As would be evident from the above account and the statement given, the cost, 
of working the flame-throwers is very variable, depending on the situation and the 
intensity of the swarm, and, inspite of Bodkins [1929] and Mistikawy’s [1930] claims 
to the contrary, even under the most favourable circumstances it is very high J1920] 
as compared with trenching and baiting [Uvarov, 1928]. In case of rash and injudi¬ 
cious use of the flame-thrower the cost of destroying one maund of locust (No. 1 of the 
statement) may be as high as Rs. 11-12-9. On the other hand ,when used carefully 
and on the hopper swarm of right density in suitable conditions, the cost for killing 
one maund of hoppers drops down to As. 11-3 (No. 2 of the statement), and with 
swarms on trees when sarkanda, or any other dried material is combined with the 
flame-gun, the figure of As. 15-6 per maund is obtained (No. 12 of the statement). 
On an average the price of one maund of locust destroyed by means of the flame¬ 
thrower can be taken as Rs. 1-8-6 per maund of 4th and 5th stage hopper or locusts 
killed. 


Where and how to use the flame-thrower ? 

Experience has shown that a great deal of the success with the flame-throwers de¬ 
pends upon the judgment and the experience of the operator. One must be able to 
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Statement showing the working 


No. of 

experi- Date 
ment 


r , Time during Weight of 

'isiasar ’se? 



Basi Mustafa 
(Distt. Hoshi- 
arpur). 

Basi Alii 
(Hoshiarpur.) 


Mai Masara 
(Hoshiarpur). 


Basi Muda 
j Khan, (Hoshi¬ 
arpur). 


Basi Nan 
(Hoshiarpur) 


each and 1 fo 
As. 12. 


Sataur (Hoshi- Ditto 
arpur). 

Bupar (Am- 9 men (a As. 12 
hala). each. 


... 

25 

9 

15 

... 

8 


Gallons 


11 ft 


2 7 ft 

28 8 
21 ... 30 


Bupar (Am- Ditto 
hala). 


Mansar, (Camp- 4 men @ Be. 1 
bellpur). 


40 20 I 46 
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expenses of a flame-thrower. 


Price of 
fuel per 
gallon 

Total 
coat ex¬ 
olading 
labour 

Estimated cost 
of killing one 
manna or 
42,000 5th 
stage hoppeTB 
moludiog 
labour 

Area 

Plants 

Bemaiks 

Ab. p. 

Bs. as. p. 

Bs. as. p. 




12 3 

6 2 0 

11 12 9 

380'x 5' 
and 

49' x 5' 

Keora hedges 

Fifth stage hoppers 
and newly emerged 
adults. 

12 3 

5 5 9 

0 11 3 


16 mangoes and a few 
mallah shrubs 

Ditto, 

12 3 

1 8 6 

9 3 6 

100'x 4' 

Keora hedge 

Ditto. 

12 3 

10 11 6 

0 13 2 

450'x 20' 

Bamtie mallah, and 

sarkanda ehidiam 

hireh (lhospyros mon- 
tana Y) [cariesa opaca). 

Ditto. 

12 3 

16 13 6 

1 13 9 

Nil 

11 mango trees, 100 
scattered mallah 

plants of different 
sizes. 

Ditto. 


.. 


200'x 5' 

Keora hedge 

Ditto 

12 3 

. 

64 5 0 ! 

2 5 7 

295'x 100' 
1000' x 13' 
500' x 10' 
490' x 5' 

Basuti and a few shi- 
eham, her , earin trees, 
chittar thor hedge 
with a few garlandt i, 
Keora and shisham 
plants. A phallia 
hedge with fatuh and 
danda thor a nara 
hedge. 

Fourth and Fifth 
stage hoppers. 

12 3 

3 13 3 

3 4 10 

88' x 50' 

Mango grove with 
basuti growing under¬ 
neath 

Fifth stage hoppers 
and adults. 

12 3 

2 4 9 ; 

4 1! 9 

197' x 5' 

Danda thor hedge 

Ditto. 

14 1* 

31 12 6 

. 

1 13 4 

About t 
mile. 

Sarkanda with a few 
scattered mango 

plants 

Fifth stage hoppers 

14 U 

10 9 6 

1 2 2 

NU 

Mango and ehtsham 
plants 

Fifth Rtage hoppers. 
Here dried mrhanda 
was spread under¬ 
neath treated plants. 

12 3 

35 3 6 

0 15 6 

30'x 2' 

A hedge, 55 mulberry 
plants, 23 drek plants. 

Fifth stage hoppers 
Here dried straw was 
spread underneath 
treated plants. 
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judge as to whether a particular band should be destroyed by burning or not. The 
work of the flame-gun is spectacular and impressive, but unfortunately it has also a 
demoralizing effect on the people inasmuch as it makes them magnify the presence 
of a mere “ handful ” of hoppers. This point is of enormous importance because it 
takes the operator to a wrong place and having gone to a place and being faced with 
the irresistable solicitations of the populace, he uses the flame-gun under unsuitable 
circumstances, with the result tliat the cost of the locusts killed soars to an alarming 
figure. It is, therefore, necessary that prior to the trans]>ort of the flame-thrower 
the reported swarm of hoppers must be visited by an experienced man. This visit 
will enable the operator to judge the suitability of action, and estimate the quantity 
of fuel that will be necessary to destroy the swarm. This point is very important 
because the cost of operation depends on this. Six machines consuming eight gallons 
of fuel may account for 25 seers of hoppers at the cost of Rs. 11-12-9 per maund 
of hoppers killed, or the same number of machines may be responsible for disposing 
of 9 maunds and 15 seers of hoppers by burning seven gallons of fuel working out at 
As. 11 -3 per maund of hoppers burnt. 

Burning hoppers can only be successful on plants which either catch fire, e.g., dry 
bushes or allow the flame to penetrate into every part. 

Burning hoppers among hedges of thic k succulent plants such as keora (Agaw sp.) 
should not be attempted (see experiments 1 and 3). 

Methods of burning under different conditions. 

Hoppers in hedges, on bushes or shrubs.- -When dealing with a band in a hedge or 
on a bush or shrub, the two operators stand one on each side and first isolate an area 
by ringing it with fire, each producing bis own half of the fire ring. The dry mate¬ 
rial present catches fire and brings down the insects. This fire aided by one or two 
flashes on the plants followed by two or three flashes at the bottom destroys all the 
locusts. It is not essential to burn to ashes, so to say, every flier or hopper because 
those that are Binged and even those that try to escape from the burning base of the 
plant meet a speedy death. 

Hoppers on tall trees .—A slightly different method is to be used in the case of the 
fliers or hoppers resting on tall trees. For this purpose two or three flame-throwers 
used together give the best results. During the operation the operators stand 30 
feet apart round the tree and each operator by turn throws flashes up the tree and 
burns the hoppers that drop down. If a small quantity of sarkanda or dried straw 
is spread underneath the tree, then the band is burnt to the last hopper at a compa¬ 
ratively small cost (No. 12 of the statement), a hopper band was destroyed at a cost 
of As. 15-6 per maund (including labour). 
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In treating bands resting on mangoes, Citrus and skisham every care should be 
exercised not to bum the foliage. For this purpose quick flashes of fire should be 
thrown on the plants and the flame should not be kept playing for too long. This 
is quite enough to frighten the hoppers which drop down to the ground like hail and 
can then be burnt. It may be mentioned that if fire is lit under the trees or burning 
hoppers is attempted by torches or fiame-throwers, the hoppers drop down literally 
like hail. 

T. E TIME RTTJTABI.E FOR WORKINO THE FLAME-THROWER. 

It has been found that the early morning (fi to 9 a.m.) and evening (5-30 to 
7-30 p.m.) hours are the best for hopper destruction with the flame-thrower, because 
during this time the hoppers are found congregated on bushes, shrubs, irees and in 
hedges, and they are very sluggish and unwilling to move. At other times of the 
day they are very active and a slight disturbance makes 1 hem drop down to the 
ground from bushes and i rees and scatter in all directions. Besides, when the day 
warms up, it is very uncomfortable to work with a flame-gun. 

Care of the machine. 

When a day’s work is done, fuel should be taken out of the container and 
soda solution or clean water pumped through the sprayer in order to flush out 
all the mineral oil; this will proveut the rubber and leather parts from 
deteriorating quickly. Soot from the asbestos cord should be carefully removed with 
a rag. The discharge rubber hose and the brass rod carrying the “ adaptor ” should be 
disconnected and the machine with its accessories should be carefully stored in a safe 
place. The brass rod earn ing the “adaptor” should not lie on the ground, but 
should stand erect with the wide mouth of the copper protector touching the ground 
and the metal “ basket ” pushed back. ( 

The plunger packing also requires periodical examination and renewal. Failure to 
attend to the plunger packing results in a '■trong and forcible jet of the fuel issuing 
out with the strokes of the plunger rod during the charging operation and bathing 
the eyes and face of the operator. 

The defects of the machine. 

The container is very strong and there is little likelihood of its bursting 
even when the machine is working under full pressure during the hottest part 
of the day, but the machine has a few serious defects. The discharge rubber 
hose is the weakest part. The rubber lining is affected by fuel mineral oils and 
deteriorates very quickly with the result that small pieces of rubber come off 
and block the nipple. These chokes unfortunately have the “ uncanny ” knack 
of occurring during the thick of the operation, and a considerable time must 
elapse before the operator is able to set the machine in working order again. The 
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hot flame-producing part cannot be handled, and one most wait till it has cooled 
down. Washing the discharge-rubber-hose with water containing a little quantity 
of soda increases the life of the tube, but is not a sufficient guarantee for the proper 
working of the hose during any one operation. Flexible tubes made of galvanized 
iron are being tried and are likely to prove more lasting. 

The nipple also gets choked up with sand, dirt, etc., which gets in mostly through 
the inlet tube at the time of charging with fuel. To keep the grit out of the ma¬ 
chine it is absolutely necessary that the rose-end rubber hose should not be knocked 
about on the ground during and after charging, and that the suction tube should 
be properly capped after the charging is over. It is also necessary to have the fine 
mesh wire gauze on the rose-end to strain the fuel thoroughly. 

To increase the efficiency of the machine it is necessary to make the nipple 
self-cleaning, as is the case with the“vermorel nozzle'". This will enable the 
operator to relieve the choke the moment it occurs. 

The diameter of the hole of the nipple should be narrowed down, because in the 
present nipple, due to the thickness of the issuing steam of fuel, only 40 per cent, 
of the fuel catches fire and the remaining 60 per cent escapes unbumt and thus 
gets wasted. In addition to the narrowing down of the hole, a strong pin should 
be suspended in front of the hole in such a manner as to spread out the stream of 
oil slightly. These improvements in the nipple will ensure the conversion of 
the stream into a flame without sacrificing its length. Besides, the spread out flame 
will cover a larger area at its termination and thus prove more useful. 

The copper stays of the metal “ basket ” carrying the asbestos cord are another 
source of trouble. These become soft on account of the heat of the flame with the 
result that during the operation the “ basket ” bends and comes to lio right in 
frout of the nipple. The free discharge of fuel is thus interfered with, and conse¬ 
quently a satisfactory flame is not produced. Besides, the flame being very near 
the operator, the heat produced is so great that it becomes positively uncomfort¬ 
able for him to work the machine. These stays therefore should be made of some 
material like “ tempaloy ” (a copper alloy) which will stand the heat better. 

The brass rod gets heated up during the operation with the result that it be¬ 
comes very difficult for the operator to hold it. To get over this trouble the brass 
rod should be provided with a small adjustable wooden handle which will be set in 
position by the operator according to his needs. 

In the copper protector no arrangement is made for the supply of oxygen to 
keep up the asbestos cord flame when the machine is not actually in use. A few 
holes at the bottom of the copper protector will remove this defect. 
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Precautions. 

1. Do not use a machine of the soundness of which you are not sure. 

2. Do not allow any other operator to take fire from your burning asbestos 

cord ; it is dangerous. 

3. Work with extreme caution in the vicinity of stacks and ripened crops of 

wheat and barley because a slight carelessness may set the entire area 

extending over many square miles on fire. 

4. Do not allow spectators to stand too near; there may be accidents. 

5. Where several machines are working do not lift your fiame in the air 

without being sure that no body is present on the opposite side. 

6. Never take your eyes off the flame; when not looking you may point it 

at an object with serious consequences. 

7. Do not fail to boil your dongricx in water at least twice a week so as to 

wash out the oil. 

8. Do not use the machine when a strong wind is blowing. 

9. Carefully examine all joints and washers before starting the work. 

Dress. 

The usual field dress—shorts and shirt—is not suited for locust destruc¬ 
tion with the flame-throwers. Hoppers when disturbed crawl on to the operator, 
get underneath his shortB and shirt, and produce an indescribable feeling of horror 
and disgust. Moreover, these hoppers are capable of inflicting uncomfortable bites. 
Besides, the exposed parts of the operator’s body are very badly cut by the jagged 
leaves of tiarkanda (Saccharum aara) and thorns of maHaJw (Zizyphus numilaria) 
and phallias (Acacia modesla). Further, the dress is spoiled by the fuel and holes 
are burnt in it. Finding the inadequacy of the abov e dress, dongri made of thick 
Khaki drill with buckle arrangement at the ends of sleeves and legB f<Sr tighten¬ 
ing up was used and gave excellent service. The price of a dongri is about 
Rs. 7-0. 

To protect eyes, particularly against the shooting sparks, ordinary goggles with 
coloured glasses do quite well. 

Labour. 

The flame-thrower is not entirely ‘fool proof’ and is liable to get out 
of order fairly frequently. The disorders developed may be slight, but their detec¬ 
tion and consequent correction depends upon a thorough knowledge of the work¬ 
ing of the various parts of the machine. It is therefore necessary to train the 
workers before a campaign is undertaken. Moreover such a training is necessary 
to save fuel, because on the actual duration of “ fiame projection ” depends the 
efficacy of the measure and the cost of operation. By employing trained people 
accidents can also be avoided. 
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Limitations of the flame-thrower. 

The flame-thrower is indeed a very efficient appliance for speedily destroying 
hoppers or fliers clustered in dense masses, but unfortunately it has very iimited 
application. It cannot be used on windy and rainy days. It is not so effective 
on actively marching bands of hoppers and is uneconomical against small and thin 
locust swarms. Besides, for obvious reasons, the flame-thrower cannot be used to 
destroy hoppers and fliers taking shelter in crops and is ineffective in thick green 
hedges of xerophytic plantB such as Opunlia and Agave. 

Good results may be obtained by driving hoppers to some sort of low growing 
vegetation like box' fis (Adhatoda vasica), wallahs (Zizyphus mmilarut), etc., grow¬ 
ing on a level piece of ground and then burning them; but in such cases they 
could be dealt with more economically by baitiDg, or trenching. 

The place ok flame-throwers in locukt control operations. 

The flame-thrower is used to the best advantage on benumbed, copulating, 
egg-laying, and newly emerged adults, as well as on hoppers of all Btages congre¬ 
gated in very thick and dense Kwanns on low-groving bushes like basuti (Adhaloda 
vasica), >, ollahs (Zizyphus >u vdlaria), jjhallias (Acacia mvdesta), bhang (Cannabis 
saliva), hedge row plants and on small-sized plants of hiker (Acacia arabica), 
and bet (Zizyphus jujuba) growing on level pieces of ground, as well as on tall plants. 
The initial cost and cost of working these guns being high (as is evident from the 
experiments carried out), they cannot be employed as a sole means of locust con¬ 
trol. They can, however, be recommended as an important subsidiary method of 
control in locust warfare. The hoppers in low-growing bushes, thin hedges and 
trees, particularly road-side trees which otherwise remain untreated, can be effec¬ 
tively dealt with by means of the flame-throwers. For this purpose a squad of 
five men armed with a battery of five flame-throwers and the requisite amount 
of fuel touring in an affected locality in a motor conveyance will clear large tracts 
in a short time. 

Conclusion. 

In short, flame-throwers arc unsatisfactory as the chief means of dealing with 
the locust problem but serve a very useful purpose as a subsidiary method in locust 
control. 

Summary. 

Bodkin's flame-throwers were tried in the Punjab during April-May, 1930. 

The fuel employed was:— 

Kerosene oil . . , . 60 parts. 

Deisel oil . . • . 30 „ 

Petrol.10 „ 
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Hie experiments conducted proved that the destruction of hoppers resting aim ng 
thick green hedges like Agave and Euphorbia cannot be properly and economically 
carried out by means of the flame-throwers. Thick hopper bands resting on shrubs 
and bushes which either easily catch fire or allow the flame to penetrate into every 
part or on medium-sized trees can be effectively controlled by this method. 

Cost of working the flame-thrower varies and depends upon the experience 
and efficiency of the operator, density of bands, and situations where they are 
found. In case of injudicious use of the machine the price per maund of locusts 
killed (including labour) may be as high as Es. 11-12-9; and in the case of the 
correct use it drops down to As. 11-3. 

To burn hoppers on valuable trees like mangoes, citrus, and sJiisham, hoppers 
should be frightened with quick flashes and burnt on the ground. 

Times suitable for working the flame-thrower are 6 to 9 a.m. and 5-30 to 
7-30 p.m. 

Every care should be exercised in the use of the machine, particularly in the 
month of April. During this month the wheat crop is mature and in most places, 
as far as the eye can sec, one finds continuous stretches of the golden crop ; a slight 
carelessness and many square miles of wheat fields would bo reduced to ashes. 

Though limited in its application, the flame-thrower would be an excellent 
appliance for speedily destroying benumbed, copulating, egg-laying and newly 
emerged adults, as well as hoppers of all stages congregated in very thick and dense 
bands on low-growing bushes like basuti (Adhaloda vasied), mallahs (Zizyphw 
numilaria), phattias (Acacia modest a), sarkanda (Saecharum sa,ra), Nara (Anmdo 
donax), bhang (Cannabis saliva), gama (Carisa opacd) - , small sized plants of hiker 
(Acacia arabica), and ber (Zizyphus jujuba)', and on road-side trees. * 

REFERENCES. 

Baziks (1819). <7. R. Acad. Sci. Paris. C-19, 647-649. 

Bodkin (1929). BuU. Ent Ees. 20, 123-129 (plates VH—IX). 

Mistikawy (1930). Mini, of Agri. Egypt. Plant Protection Section. Leaflet N* 8, CWlV. 

Uvarov (1928). Locusts and Grasshoppers, 176. 

Vayssiere (1919). C. E. Acad. Sci. Paris. C-19, 246-248. 

Scientific American Monthly New York, 1, 496 (1920). 

BuU. of the Imperial Institute London 18, 266-270 (1920). 



THE EFFECTIVENESS OF DUST FUNGICIDES IN CON¬ 
TROLLING GRAIN SMUT OF SORGHUM.* 
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Iniroduction. 

Sorghum is a crop of very great importance in the Bombay Presidency, and is 
extensively cultivated in areas which receive an average rainfall of twenty-five to forty 
inches. It covers an area of over nine million acres, and is mainly grown as a grain 
crop, although its stalks are also used as fodder for the cattle. The most destructive 
disease of this crop is the grain smut caused by Spha°elotheca sorghi (Lk.) Cl. 
Kulkami [1918] estimates the total money value of the annual loss due to sorghum 
smuts in the Bombay Presidency, at Rs. 2,02,55,365 (£1,350,357), a greater 
part of which he ascribes to the grain smut. 

Until recently liquid copper sulphate was the standard fungioide in the Bombay 
Presidency for controlling the grain smut of sorghum (jowar). The treatment was 
effective and did not cause injury to the seed. Its chief limitations, however, were 
that it was cumbersome and wetted the seed, which necessitated drying before it 
could be sown. In fact, in 1926, it was pointed out by Mr. T. P. Main, now Director 
of Agriculture Bombay Piesidency, that “copper sulphate propaganda in areas 
lightly affected by smut tends to defeat its own ends by being irksome to culti¬ 
vators”, with the result th$t they will sow smutted seed rather than steep it in 
copper sulphate. It therefore seemed desirable to use some of the duet fungicides 
and determine their effect on the amount of smut produced, and on the germination 
of seed. 

* Published with tho approval of the Director of Agriculture, Bombay Presidency. 

** The writers gratefully acknowledge the assistance of Mr. U. S. Patel, Bao Sahib B. P. Vagholkar, 
Mr. S. S. Salimath and Rao Sahib K. M. Pawar, Divisional Deputy Directors of Agriculture, in arran¬ 
ging for district trials They are also indebted to Professor V. G. Gokhale for arranging feeding 
experiments at the Poona Agricultural College Dauy. 
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The founda tion of the dust treatments was well laid by the work of Damell- 
Smith [1915,1917], and the later studies of Maobie and Briggs [1923] resulted in the 
extensive use of copper carbonate dust in the control of bunt of wheat. The 
popularity of copper carbonate led commercial organisations to develop and study 
numerous fungicides for the control of seed-borne diseases. In spite of the wide¬ 
spread interest in devising suitable dust treatments, there has not yet been developed 
a disinfectant which will be effective against seed-borne diseases and at the Bame 
time will be harmless to the cattle. The ideal is very difficult to attain ; but the 
conditions prevailing in the Bombay Presidency suggested that there was a striking 
need for such a treatment. It was therefore decided to test the value of sulphur 
dust for the disinfection of smutted sorghum seed, as it was realised that sulphur, 
when fed in small quantities with sulphur-dusted seed, was not likely to produce 
ill effects in the cattle. Copper carbonate and copper sulphate dusts, though strong 
poisons, were included in these tests to ascertain their effect on the control of smut. 

This paper presents the results of experiments made during the past four years on 
the effectiveness and limitations of the three dust fungicides. 

Methods and Material^ 

The seed used was of Nilva, a variety of fodder jowar (sorghum) which is 
considered to be very susceptible to grain smut. The original smut inoculum 
was obtained from smutted heads of Nilva grown on the College Farm, Poona, and 
in each year sufficient inoculum was collected from the experimental plots for 
use in the following year. The seed was artificially infected by placing 25 grams 
of sorghum in 500 c.c. Erlenmeyer flasks and adding the desired quantity of 
inoculum (smut spores) to each flask. The flasks were shaken for a sufficient length 
of time to coat the seed thoroughly with the inoculum. The spore load ranged from 
1-250 to 1-3,000, viz., from 1 part of inoculum to 250 parts of seed to 1 to 3,000 parts. 
With the heaviest spore load (1-250), the seed was practically blackened and was 
very much smuttier than the seed with the heaviest natural infection The lightest 
spore load (1-3,000) gave a few hundred spores per seed, which Were barely visible 
to the naked eye. The heaviest spore loads were used to ascertain the limits of 
efficiency of the dust fungicides. 

The fungicides used in these experiments were in the dust or powder form. The 
following is a list of the dusts, together with the names of their manufacturers: 

Copper carbonate (containing 63 per cent, copper) . Geo. Monro, Ltd., London. 

Copper sulphate No. 1 (coarse powder) . . British Sulphate of Copper Association, Ltd., 

London. 

Copper lAphate No. 2 (same as No. 1 above, but 

passed through a 200-mesh sieve) . . , Ditto. 
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Kolodmt.Niagara Bproyer Company, Mlddleport, N. Y., 

Sulphur-A (passed through a 100-meah sieve) . Dharamsi Morarji Chemical Company, Bombay, 

India. 

" Fungus ” sulphur (200-mesh fine) . . . Ditto. 

The disinfection of seed was carried out by adding an appropriate quantity of a 
dust fungicide to an Erlenmeyer flask containing artificially infected seed. The 
flasks were vigorously shaken so as to coat thoroughly every seed with the dust. 
They were then plugged with cotton and kept away until required for sowing. 

The treated seed was sown by hand in unit plots of two 60-foot rows, which 
were separated by a space of one foot. The seed was sown at a distance of six 
inches, thus giving a theoretical number of 100 plants per row. The sowings were 
duplicated in each case. In all cases untreated, infected checks were sown for 
purpose of comparison. 

Two seeds were sown in one place. After their emergence the seedlings were 
counted and the percentage of emergence calculated from these figures. The data 
on emergence are based on duplicate plots of 400 seeds each. After the emergence 
records were taken, one seedling was left in each place, the other being uprooted. 

At harvest a total head count was made for each two rows and the percentage of 
smut determined. Partially affected heads were classified as smutted. The head- 
count method of estimating percentage of smut is preferable to counting of the 
total number of plants, in which case affected plants may have both healthy and 
smutted heads. 


Relation of spoke load to shut infection. 

It has been shown by Heald [1921] and Mackie and Briggs [1923] that the per¬ 
centage of bunt in a wheat crop is directly proportional to the amount of infection 
carried on the seed sown. Since grain smut infection varies greatly from field to 
field in the same year, it was thought that a similar relation might hold good in 
this case. Experiments were therefore made to determine the relation between the 
dosage of smut spores on seed and the amount of infection. 

Eight lots of seed were inoculated with smut spores. The proportion of spores 
to seed by weight ranged from 1-260 to 1-3,000, viz., from 1 part of spores to 250 
parts of seed to 1 to 3,000 parts. In 1930 a portion of the infected seed was sown 
with a country drill in order to compare the smut infection with that in the seed 
sown by hand. Wherever possible, check rows of non-inoculated seed were sown 
to obtain data on the emergence of seedlings. The results am summarised in 
Table T, 
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Table I. 

Summary of data on the relation uf dosage of spores to grain smut infection, College 

Farm, Poona. 



Per cent. of b m ut by bead count 


Proportion of spores to seed 



1*2,000 

1-2,500 

8*2 

2*6 

6*7 

6*3 

2-2 

0*7 

4-0 

0*7 

2-6 

9*3 

12*0 

12*2 

17*1 

18-1 

13*5 

19-7 

17*7 

16*9 


1027— 

Experiment 1 
Experiment 2 

1020 — 

Experiment 1 
Experiment 2 

1030— 

Experiment 1 
E >perimeiit 2 
Expeiinient 3 

• Experiment 4 

♦ Experiment 5 


• The seed was sown with a country drill and not by hand. 

The results of these experiments, as given in Table I, indicate a general tendencv 
for the smut infection to decrease with a reduction in spore load. They also show 
that the method of sowing seed does not affect the percentage of smut in different 
spore dosages. It is, therefore, evident that the amount of infection on tfie seed 
will influence the effectiveness of a fungicide and, in order to get a better indication 
of the limits of its efficiency, eight rates of inoculation were used. 

In these experiments it was observed that it was not always possible to predict 
the percentage of smut in a crop by determining the amount of infection on the seed 
sown. It is probably due to the physical condition of the soil in which the seed is 
lodged, since, in our experiments on the conditions governing smut infection in 
sorghum, there is an indication that soil moisture exerts a far greater influence on 
infection than soil temperature. It is proposed to revert to this subject in a separate 
publication. 

Experiments in 1927. 

In 1927 preliminary trials were pade on the College Farm, Poona, to test the 
value of dust fungicide? in the control of grain smut. The following five dusts were 

2 m 2 
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investigated: (1) copper carbonate, (2) Sulphur-A, (3) “Fungus” sulphur, ( 4 ) 
copper sulphate No. 1, and (4) copper sulphate No. 2. They were applied at the 
rate of 1 to 4 ounces per 60 lbs. of seed. For each set of experiments checks were 
sown with untreated, infected seed. The effects of the various dusts on the control 
of grain smut are recorded in Table II. 

Tabxj: II. 

Effect of certain seed d/isinfectants on ike control of grain smut, College Farm, Poona, 

1927. 


Treatment 


Dusts 


Copper carbonate . 


Check (untreated) . 


Copper sulphate No. 1 . 


Check (untreated) . 


Copper sulphate No. 2 . 


Check (untreated) . 


Sulphur-A 


Check (unseated) . 


“ Fungus M sulphur 


Cheek (untreated) .* 


For cent of smut by head count 
Proportion of spores to seed 
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Copper carbonate .—Copper carbonate was the most effective in controlling smut. 
Two to four ounces of the dust per 60 lbs. of seed controlled infection for all spore 
loads except the heaviest (1-260). Even one ounce of the dust was effective for 
dosages of 1-1,000 or less; in heavier spore loads there was alight infection, the 
maximum being 2'8 per cent, in 1-500 spore load. For the spore loads of 1-750 
or less, which represent the amount of natural infection on the seed, there was, 
therefore, no gain in smut control by increasing the dose of copper carbonate beyond 
two ounces per 60 lbs. of seed. 

Copper sulphate. —For all the dosages of spores used in these experiments, 
copper sulphate No. 1 failed to prevent infection even when applied at the rate of 
4 ounces per 60 lbs. of seed. This was probably due to the coarse powder which 
did not adhere properly to the grains. There was, however, no evidence of Beed 
injury. 

Copper sulphate No. 2 was a fine powder, and was very promising in control. 
Two to four ounceB of this dust were practically fully effective, except for the 
heaviest dosage of spores (1-250), which gave a maximum infection of 4'2 per cent. 
One ounce of Hub dust was also effective for spore loads of 1-1,500 or less. It is, 
therefore, evident that, like copper carbonate, the two-ounce treatment gave the 
most effective results. 

*Sulphur.— Sulphur applied at the rate of four ounces per 60 lbs. of seed was 
fully eflective, except for the heaviest dosage of smut spores (1-260). Three ounces 
of “ FunguB ” sulphur practically controlled infection for all spore dosages. Sulphur-A 
applied at this rate was somewhat less effective. Thi8 dust also failed to control 
smut at the rate of one or two ounceB, but a satisfactory control was obtained with 
“ Fungus ” sulphur at the rate of two ounces for all spore loads except 1-760. It is 
evident from these results that, besides giving a better distribution of the dust on 
the seed, a fine grade of sulphur was superior to a coarse material in preventing 
smut infection, and was about as effective as copper carbonate dust. 

The results en the control of smut obtained with the three dust fungicides were 
so encouraging that it was decided to continue them in 1928. 

Experiments in 1928. 

In 1928 tests were made on the College Farm, Poona, and in the district. At 
Poona experiments were made with “Kolodust”, “Fungus” sulphur, dehydrated 
copper sulphate and copper carbonate; but unfortunately very little smut developed 
in the treated as well as check plots, so the experiments were worthless from the 
standpoint of determining smut control. The data of experiments on the College 
Farm, Poona, are not included here. 

* The writers tab this opportunity to oall attention to an error in the paper entitled “ A preli- 
m inary report on experiments in the control of grain smut of jowar ( Andropogon sorghum) ” published 
in Agr. Jew. India, 23, 471-472. Sulphur No. 1 should read aa Sulphur No. 2, and vice vsrsd. 
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District trials .—The results obtained during the last year indicated that sulphur 
dust was as effective in controlling smut as copper carbonate dust. Arrangements 
were therefore made with the Divisional Deputy Directors of Agriculture to under¬ 
take extensive trials with a view to testing the merits of sulphur dust under field 


Table III. 

Effect of sulphur dust on the control of grain smut in district trials in the Bomlmji 

Presidency in 1928 . 

Per cent, of smut by heed count 


Place 


Check 


4-5 o*. per 
60 lbs. 


Untreated 


Steeped in 
liquid copper 
sulphate 


South Central Division— 


*Mohol Farm . 


e 

• 


• 

0-2 

33*5 


•Mchol Farm . 


. 

e 


• 

007 

33*6 


*Mahogaon • 


• 

• 


• 


ao-o 


Malsiras . 






1-1 

60 


Do. 






0-0 

20 


Do. 






10 

40 


Ourshala • 


■ 




0*0 

90 


Purandharwada 


e 




0-0 

SO 


Ourshala . 


e 

• 



3-0 

80 

20 

Kurunde 


• 

• 


e 

20 

60 

IO 

Southern Division- - 









Gadag 


. 

e 


• 

o-o 

io 


Hart! 


• 



e 

OO 

OO 


Mundargi • 



• 



1-5 

7-4 


Mall&pur . 


• 

• 



OO 

3*8 


Kamalapur 


• 

• 



OO 

8*2 



* The seed was artificially infected with a spore dosage of 1-760. In all other cases, natural] * 
Infooted seed was used. 
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Table III— contd. 

Effect of sulphur dust on the control of grain smut in district trials in the Bombay 

Presidency in 1928— contd. 

Per oent. of smut by head oount 


4-6 o*. per 
60 lbs. 


00 
00 
00 
00 
o-o 
0*0 
00 
00 
00 
00 

conditions. Local varieties of sorghum were treated at each place, and the plots 
varied in size from half an acre to one acre. Except in a few cases when artificially 
infected seed was used, naturally infected seed was treated with “ Fungus ” sulphur 
at the rate of 4 to 5 ounces to 60 lbs. of seed. At each place an untreated check 
plot was sown; but in some places check plots were also sown with the seed steoped 
in oopper sulphate. The results are summarised in Table III. 

In the South Central Division, plots were sown with the artificially infected 
(1-760 spore load) seed on the Mohol Farm and at Mahegaon. The smut was 
effectively controlled when 4 to 6 ounces of sulphur dust were used, and the check 
plots gave as high as 33 to 60 per cent, infection. As indicated in Table III, sulphur 
was quite effective in all other places except at Purandharwada, Gurshala, Dharam- 



Steeped in 

Untreated liquid oopper 
sulphate 



Place 


Southern Division— 
Hosayellapur 
Marewad . 
Haveri 
Mudebihal 
Bijapur . 

Do. 

Do 

Bendigiri . 
Ankalgi . 
Bailhongal 
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puri and Kurunde, although the percentage of infection was rather low. In the four 
places where sulphur dust failed to control smut effectively, copper sulphate steep¬ 
ing also gave unsatisfactory results. These results were surprising, and it is doubt¬ 
ful whether the treatment of infected seed was properly done. 

The results of the trials on smut control made in the Southern Division were 
very satisfactory although the checks did not show much infection. It was also 
reported that sulphur dust gave better germination under field conditions than the 
untreated seed. 

Experiments in 1929. 

Experiments on the College Farm, Poona, were continued in 1929, and only 
three dusts were used, namely “ Fungus ” sulphur, copper sulphate No. 2 and 
copper carbonate. Dehydrated copper sulphate dust was not included in these testB, 
as it caused injury to seed in the previous year. The results of these trials are 
recorded in Table IV. 

Table IV. 


Effect of certain seed disinfectants on the control of grain smut and on the germination 
of Nilva sorghum. College Farm, Poona, 1929. 


Per oent. of smut by head count 



Check (untreated) • 
Copper sulphate No. 2 


Check (untreated) « 
Copper carbonate 
Check (untreated) , 


2 j 73 0 0*0 

70*4 00 

63*9 24*5 

54*5 0*0 

54*3 28*0 


Proportion of spores to seed 


*3 0*0 0*8 


0*0 0*0 0*0 0*0 0*0 

0*0 0*0 0*0 0*0 0*0 

0*0 0*0 0*0 0*0 0*0 

0*0 0*0 0*0 0*0 0*0 


72*8 14*5 5*2 2*8 1*6 


2*9 0*6 0*0 


0*0 0*0 0*0 0*0 0*0 


0*0 0*0 

0*0 0*0 

7*9 8*9 

0*0 0*0 



0*7 0*0 


0*9 0*0 

1*0 3*1 
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Table V. 

Effect of sulphur dust on the control of grain smut in district trials in the Bombay 

Presidency in 1929. 


Per cent, of smut by head count 


Place 

5 oz. per 

60 lba. 

Check 

Untreated 

Steeped in 
copper sulphate 

South Cjkntral Division— 
♦Mohal Farm 



e 

• 

0*0 

2*0 

0*0 

*Malsiras . 

* 


• 

• 


80 

0*0 

*Gurshala 


• 

e 


00 

11*0 

0*0 

♦Dharampuri 


e 

• 

• 


100 

1*0 

*Yelavi • 


• 

• 

• 

00 

0*7 

OH) 

♦Biswe 

• 

• 

• 

• 

00 

3*0 

0*0 

*Ankali . • . 

• 

• 

• 

• 

00 

1I | 

0*0 

♦Satara . • . 

• 

• 

• 

• 

00 

0*4 

0*0 

*Vadhe . 

• 

• 

• 


00 

20 

0*0 

Gujarat Division— 
Panchmahalx District — 
Bustumpura • • 

• 

• 

• 

e 

00 

_ 


Halol 



e 

• 

0*0 

— 


Broach District — 

Nabipur . 

• 

• 

» 


00 

— 


Samni 

• 

• 

• 


0*2 

— 


Nahir • • 

• 

• 

• 


10 

12*0 


Amod • • • 


e 

• 

• 

0-0 

IS8I131B 


Magnad • • • 



• 

• 

0-3 

1*9 


Tundaj • . 


e 

• 

• 

01 

3*2 


Viohhiad • • • 

• 

• 

• 

• 

00 

4*6 


Akot • * • 

• 


• 

• 

0-0 

4*6 


Yagra • . . 

• 


• 

• 

0*0 

3*3 


Nanetha • • • 

• 

e 

• 

• 

0*0 

1*0 



* The seed was artificially infected with a spore dosage of 1-700. In all other oases, naturally 
infected seed was used. 
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“ Fungus ” sulphur, applied at the late of 3 to 6 ounces to 60 lbs. of seed, gave 
perfect control for all spc«e loads. The results for 3 and 4 ounces are in general 
agreement with those in 1927. The dust caused no seed injury when compared with 
the untreated cheoks. 

One to three ounces of copper sulphate No. 2 controlled smut in almost all 
spore loads, and had a beneficial effect on the germination of seed. In each treat¬ 
ment emergence was increased, the increase ranging from 8 to 14 per cent. 

Only one ounoe of copper carbonate was tested. Even at this rate oopper 
carbonate controlled smut almost completely, and at the same time gave as good 
germination as the untreated checks. 

District trials .—The results of trials with “ Fungus ” sulphur made in the district 
during the last year were so encouraging that it was decided to continue them in the 
South Central and Gujarat Divisions. At each place local varieties of sorghum were 
treated with 5 ounces of sulphur dust, and sown in plots ranging in size from half 
an acre to one acre. In the South Central Division, the seed was artificially infected 
with a spore dosage of 1-750; but in the Gujarat Division, naturally infected seed 
was used. At most places an untreated check plot was provided. In the South 
Central Division check plots were also sown with seed steeped in 2 per cent, copper 
Bulphate. 

The results of the district trials, as given in Table V, indicate that in the South 
Central Division, smut was completely controlled at all places except at Malsiras 
where 2 per cent, infection was obtained in the plot sown with sulphur-treated seed. 
In the Gujarat Division, also, uniformly good results on smut reduction were 
obtained at all places exoept at Nahir in the Broach District, where the sulphur- 
dusted plot gave 1 per cent, infection. These results are entirely satisfactory from 
the standpoint of smut control. 


Experiments in 1930. 

In the experiments conducted during 1927 to 1929 inclusive, the sulphur- 
treated seed was in most cases sown by a pair of forceps in order to have uniform 
coating of the duBt on each grain. The question was raised whether the data on 
smut reduction obtained by this method of sowing would be comparable with the 
amount of smut in the drilled seed, since in drilling the treated seed, Borne quantity 
of sulphur on the grains was likely to be removed by hand, and this might adversely 
affect the control of smut. Experiments were therefore made on the College Farm, 
Poona, in which one lot of sulphur-treated seed was sown by hand and the other 
was drilled. The results are recorded in Table VI. 
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Table VI. 

Effect of drilling and dibbling seed on the control of infection, College Farm, Poo^a. 

1930 . 



Method 

Per cent, of 

Treatment 

of 

smut by head 


sowing 

oount 


Sulphur—5 oz. to 60 lbs..Drilling • . 0*2 

Check (untreated) 4 .Do. . 25*2 

Sulphur—6 oz. to 60 lbs. • ..... Dibbling • . 0*4 

Check (untreated) 4 .Do. . . 32*8 

4 The seed was artificially infected with spore dosage of 1-760. 

A reference to the table will show that there was no difference in smut reduc¬ 
tion in the plots in which the seed was drilled or sown by hand. The amount 
of smut in the drilled and dibbled checks was also about the same. 

Table VII. 

Effect of sulphur dust on the emergence of seedlings grown from treated seed on College 

Farm, Poona , in 1929 and 1930 . 


Treatment 



Sulphur . . 8 

10 

12 

14 

16 

18 


Tor cent, of emergence 

1920 


68*5 66*7 69*8 

57*0 62*0 60*0 

68*2 62*7 680 

61*2 69 0 66*3 

67*2 06*2 69*2 

62*5 00*7 69*0 


1930 

Treated [ Check 


20 


63*6 


64*2 
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Table VII— contd. 

Effect of sulphur dust on the emergence of seedlings grown from treated seed on College 
Farm, Poona, m 1929 and 1930 —contd. 


Treatment 

Per cent, of en ergenoe 

Duet 

Oz. per 

60 lbs. 

1920 

19 

Treated 

30 

Chet k 

Sulphur 

22 

03 7 




24 

07-7 




26 

04-0 




28 

69-6 




30 

657 




32 

646 




34 

76-7 




36 

63*2 




38 

68 6 




40 

73 7 




42 

62 6 







• 


44 

646 




46 

63*2 




48 

61*7 




60 

68*2 




62 

65*0 




64 

66 5 




56 

67*0 




58 

68*7 




60 

69*6 




62 

69*5 




64 

62*7 
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Effect of sulphur dust on seed germination. 

It is generally known to cultivators in the Bombay Presidency that a 2 per cent, 
copper sulphate solution does rot cause injury to germination of sorghum seed. 
Johnston and Melchers [1928] have come to a similar conclusion in their experiments 
made in Kansas. It has also been shown in the experiments reported herein that the 
chemical dusts, with the possible exception of dehydrated copper sulphate, caused 
practically no injury when compared with the untreated checks. In fact, in most 
cases the treated seed gave a better stand, which might probably be due to the 
disinfectant freeing the seed from saprophytic as well as parasitic fungi. Since 
sulphur was the best of all the dust fungicides tested in these experiments, it Beemed 
desirable to ascertain whether sulphur applied at rates higher than 6 ounces per 
60 lbs. of seed, would cause injury to the seed. It was realised that, if sulphur 
applied at any rate was harmless to the seed germs, it would be possible to induce 
the farmer to treat his Beed as a part of the farm routine, since the dust would not 
injure seed germination even in the hands of a careless cultivator. 

Experiments were made on the College Farm, Poona. In 1929 the seed was 
treated with “ Fungus ” sulphur at ratcB ranging from 8 ounces to 64 ounces of the 
dust to 60 lbs. of seed. It was, however, found that sulphur applied at rates higher 
than 20 ounces did not adhere to the seed, and in 1930 only 8 to 20 ounces of the 
dust were tested. The results of these experiments, as recorded in Table VII, 
indicate that the higher doses of sulphur had no deleterious effect on the emergence 
of seedlings. In 1930 the treated seed invariably gave better germination than the 
untreated checks. It is evident therefore that sulphur dust improves the germina¬ 
tion of seed and exerts no harmful effect even when 64 ounces of sulphur are used 
to treat 60 lbs. of Beed. 


Feeding experiments with sulphured grain. 

The most undesirable feature of the liquid copper sulphate treatment is that it 
makes the grain poisonous, so that if any portion of the treated seed is not sown,- it 
cannot be UBed for human consumption, nor can it be fed to the cattle. This 
difficulty has been one of the reasons why this treatment has failed to become 
popular with the cultivators in the Bombay Presidency. It has been shown in the 
experiments reported herein that only 3 to 4 ounces of sulphur are required to treat 
60 lbs. of smutted sorghum seed. It was thought that such seed, when fed to the 
cattle, was not likely to produce any harmful effects, since sulphur in small doses is 
known to possess pharmacological properties. Experiments were therefore made at 
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the Poona Agricultural College Dairy to ascertain the effect of feeding sulphured 
grain on the cattle. 

Six buffalo calves, 8 to 11 months old, were selected for the experiment and 
divided into two lots of three calves e&oh. One lot was fed on the grain dusted with 
“ Fungus ” sulphur at the rate of 4 ounces per 60 lbs. of seed, and the second lot 
was fed on the grain treated with 5 ounces of dust. The sulphured seed was kibbled 
by a country grain grinder and was then gradually incorporated in the daily ration 
of the calves as per schedule below :— 

From 19th to 25th May at the rate of 2 ozs. per head daily. 

From 26th to 28th May at the rate of 4 ozs. per head daily. 

From 29th May to 2nd June at the rate of 6 ozs. per head daily. 

From 3rd to 6th June at the rate of 8 ozs. per head daily. 

The experiment was started on 19th May and concluded on 6th June, 1929. 

The animals which were daily examined for consistency of the dung, colour of the 
urine, temperature of the body and general condition, did not show any ill effects 
during the period of the experiment, even after half a pound of sulphured grain was 
fed per head per day. The animals also gained in live weight; but since no control 
calves were provided, it is not possible to conclude that the beneficial effects were 
due to the feeding of sulphured grain. 

Another experiment was commenced on 1st August, 1929, in which eight calves, 
about two years old, were divided into two groups of four calves each. The calves 
in group A were fed on sulphur-dusted sorghum treated at the rate of 5 to 6 pzs. 
of dust per 60 lbs. of seed, while those in group B served as control. Each group 
was given the same unit of fodder (maize) ad lib. throughout the experiment. 
The calves in group A were given a concentrate mixture plus sulphured sorghum, the 
total amounting to 1 lb. for each animal. The sulphur-dusted sorghum was 
gradually incorporated into the daily ration of the calves, the maximum quantity 
fed being £ lb. for each animal per day. The calves in group B were given 1 lb. 
concentrate mixture only. The experiment was concluded on 14th August, 1929. 

The results of this experiment, as recorded in Table VIII, indicate that no ill 
effeots of any kind were produced in the animals fed on sulphur-dusted grain. On 
the other hand, these animals gained more in weight than the animals in the control 
group B, which were not fed on sulphured grain. It may, however, be noted that 
these data are not sufficiently conclusive to attribute the difference in weights 
of the two groups of animals to the feeding of sulphur with sorghum, 
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Table Till. 

Effect of feeding sulphur-dusted sorghum grain on buffalo calves at the Poona Agricul¬ 
tural College Dairy in 1929. 



Total weight of 
all animals 

Consistency and 
colour of 
dung 

Colour of 
urine 

i 

i 

Body 

tempera¬ 

ture 

General 

condition 

Initial 

Final 


lbf. 

lbs. 



°C. 


Group A . . . 

1,064 

1,165 

Soft, greenish . 

Slightly yellowish 

100 

Good 

Group B * 

1,064 

1,152 

Ditto 

Ditto 

1 

100 

Do. 


Discussion and conclusions. 

It is evident that all the three dust fungicides controlled grain smut as effectively 
as liquid copper sulphate. The advantages of dusts are obvious: they are easier to 
apply and cheaper than liquid preventives, and the treatment of the seed can be 
done weeks prior to seeding without material injury to the vitality of the grain. 

Copper carbonate dust was as effective in controlling smut as the other two dusts, 
and the results obtained with this fungicide are in agreement with those reported in 
an earlier paper [Uppal and Malelu. 1928] and by Johnston and Melchers [1928] in 
Kansas. There was no evidence that the dust had any stimulatory effect on the 
germination of seed as is often reported with wheat treated with copper 
carbonate [Mackie and Briggs, 1923]. Although the treatment is very satisfactory, 
it has the disadvantage that the copper carbonate-treated seed is poisonous to the 
cattle. 

Copper sulphate dust gave as effective control as the liquid treatment ; but unless 
the dust is applied in a very fine state, it does not adhere properly to the seed. In 
wet weather copper sulphate absorbs moiBture and becomes very difficult to apply. 
It is therefore unlikely that this treatment will be of practical value under the 
conditions of the Bombay Presidency. The dust has also been investigated in the 
control of bunt in wheat [Mackie and Briggs, 1923]; but it has not found favour 
because of its effect on the vitality of the grain. It, however, does not exert any 
deleterious effect on the germination of sorghum seed. 

Sulphur dust seems to be the best fungicide and was surprisingly effective. The 
results are in agreement with those reported in an earlier paper [Uppal and Malelu, 
1928] and by Johnston and Melchers [1928], and indicate that sulphur can as 
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effectively control smut as copper carbonate or copper sulphate. It is much cheaper 
than any of the dust or liquid treatments. Although no marked stimulatory effect 
was observed, the dust caused no injury to seed germination, which was considerably 
improved in many cases. Being a non-poison, sulphur dust is much safer in the 
hands of cultivators than copper sulphate or copper carbonate. The sulphur-treated 
seed can be stored indefinitely as sulphur does not absorb moisture from the air. 
The seed can also be fed to the cattle without ill effects. However, the essentials 
for the success of the treatment are that finely divided sulphur should invariably be 
used, and that it should be so applied that the seed is uniformly coated with the dust 
before it is sown. The sulphur treatment promises to revolutionize the practice of 
treating sorghum seed for smut control in the Bombay Presidency, and its simplicity 
and low cost will make it possible for every cultivator to treat his seed as a part of 
the farm routine at the seed-time. 


Summary. 

1. This paper summarises the results of an investigation into the control of the 
grain smut of sorghum by dust treatments, carried out during 1927 to 1930 inclusive. 

2. Three dust fungicides were tested for their effectiveness in controlling grain 
smut. 

3. Copper carbonate dust applied at the rate of two ounces or more to 60 lbs. 
of seed effectively controlled smut for all dosages of spores. Even one ounce of the 
dust was effective when the seed was not blackened with spores. The dust did not 
cause injury to seed germination; but there was no evidence that the fungicide had 
any special stimulatory effect. 

4. Copper sulphate dust was as effective in controlling infection as copper carbo¬ 
nate ; but it does not retain its powdered form for long as it absorbs moisture fiom 
the air. No deleterious effect on seed germination was observed. 

5. Sulphur dust is probably the best fungicide for grain smut control. It is as 
effective as copper carbonate or copper sulphate, and is much cheaper than either 
of the latter dusts. It costs much less than one pie per acre in the Bombay Presi¬ 
dency. 

6. Sulphur dust gave the best results in smut control in the district trials made 
all over the Bombay Presidency. 

7. Sulphur applied in as large quantities as 64 ounces per 60 lbs. of seed did not 

cause injury to seed germination. There was a beneficial effect on emergence in 
most cases. 

8. In the feeding experiments in which sulphur-dusted sorghum grain was fed to 
feffatci calves* no ill effects of any kind were observed whep compared with control 
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animals* In fact, there was evidence to indicate that calves fed on sulphured grain 
gained more in live weight than the checks. 
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PRELIMINARY INVESTIGATIONS ON THE OCCURRENCE OF 
STERILITY IN RICE (0. SATIVA)* 

BY 

K. RAMIAH, L. Ao. (Mad.), M. So., Dip. Agbi. (Cantab.), 

Paddy Specialist, Madras. 
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VIII. Summary. 

I. Introduction. 

It should be the endeavour of every breeder to get the maximum outturn from 
the crop he grows. The maximum performance of the plant depends firstly upon 
its being grown under the optimum environmental conditions, and secondly upon 
its own hereditary make-up being what is most desirable. Change of environ¬ 
mental conditions brings about profound changes in the life of the plant, sometimes 
even masking its hereditary make-up. The yield of any plant is the end result 
of several complex processes reacting on the plant throughout its life. To aim at 
what constitutes high yield we must try to analyse and understand these complex 
processes. One of the causes of low yields of economic crop plant is the occurrence 
of sterility, either partial or complete, in its population. There have been instances 
in our work in rice where hereditary complexes brought about by hybridisation 
had completely suppressed the reproductive phase in the plant, and also where 
growing the plant in the wrong season had delayed the reproductive phase con¬ 
siderably, and made it less fruitful even when it appeared later. Sterility is some¬ 
times brought about by the attacks of insects like the stem borer and the rice bug. 
There is also sterility caused by the attack of the fungus Piricularia oryzae . 
These are so easily discernible and are not dealt with here. 

II. Different forms of sterility. 

By the term sterility is here meant the normal occurrence of unset spikelets 
interspaced with well-set spikelets in the panicle of rice varieties. This is also 

* Paper read at the Agriculture Section of the Indian Soienoe Congress, Nagpur, January 1981. 
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PLATE XXXV. 



Rudimentarv spikelets at the terminal pcrtions. Fig. 2. Rudimentary spikelets at the base of panicle* 





OCCURRENCE OP STERILITY IN RICE 


415 


different from another form of sterility known as sterile tips or sponginess , which 
sometimes occurs in certain rice varieties. The spikelets at the terminal portions of 
the main spike or sub-spike remain rudimentary and undeveloped (Plate XXXV, 
fig. 1). They are white and papery in appearance and dry up and fall off later as 
the panicle ripens. These rudimentary spikelets are sometimes observed at the 
base of the panicle, (Plate XXXV, fig. 2). Here both the ovaries and the anther 
sacs are aborted. This form of sterility has been found to be a varietal character¬ 
istic often associated with particular grain sizes and arrangement. It is a 
Mendelian character, a simple recessive to the normal spikelet, and it is also 
known that the incidence of the sterile tips can be enhanced by excessively 
manuring the field in which the plants are growing. 

The sterile spikelets dealt with in this paper are found to contain all the essential 
organs normally developed. Its occurrence is not easily made out in the beginning 
but becomes obvious as the panicle ripens. The glumes of the fertile spikelets change 
colour as the grain inside ripens, and assume the ripening colour characteristic of 
the variety, as gold, black, dark brown, straw, etc., while those of the sterile spike¬ 
lets continue to exhibit the original green colour and ultimately turn straw. 

The loss resulting from this kind of floret sterility in rice is considerable. When 
grown under optimum conditions a large number of varieties of rice exhibit very 
little of this detect, but certain others always show it to a var> ing extent year after 
year. The effect of unfavourable conditions at the flowering period which is known 
to produce sterility even in normally fertile varieties is particularly manifest in 
such inherently poor varieties. This is evidently a wild character as it is particularly 
bad in the wild and the semi-wild rices. Although spikelets are produced in abund¬ 
ance, very few of them develop any grain. Generally the grains of the wild rices 
shatter even before they are ripe, but the sterile spikelets remain in the panicle for 
a much longer time. A number of pure lines in the collections at Coimbatore hUve 
been examined for this character, and it is found that the amount of it varies from 
about 2 to 40 per cent. In general, the varieties of rice that have a long awn on 
the spikelet do not set so well as others without it, although there are one or two 
exceptions to this finding. Whether the presence of awns mechanically interferes 
with the normal pollination or whether there is any genetic relation between 
awning and sterility, cannot bo stated without further investigations. It is also 
found that among the varieties that normally show a fair amount of sterility a 
good number are of early duration. Whether there is any thing more definite about 
this beyond the influence of the reason is being investigated into. There is a 
particular extracted type in the pure line collections obtained from the progenies of 
a cross which exhibits as much as 95 per cent, floret sterility. This is probably a 
self-sterile plant that arose by mutation. In Japanese publications we find 
numerous instances of the occurrence of sterile and semi-sterile plants by mutations, 
paabura Nagai, 1926-27]. Self-sterility is stated to be a simple Mendelian recessive 
to self-fertility [Terao, 1922]. 


2x2 
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III. Effkct of environmental conditions on stebilfty. 

One of the chief environmental conditions that affects this character is 
the time of planting the crop, or rather the time at which the blooming takeB 
place. It is recognised that every variety of rice has an optimum season, and 
growing it in the wrong season results in poor yield, one of the contributing oauses 
for such low yields being the occurrence of sterility. Two of the Coimbatore 
strains have been grown at the Paddy Station for the last 5 years, the sowings 
taking place at regular intervals during the whole year*. The study was mainly 
intended for finding the optimum time for planting the crop and to determine 
the effect on yield by growing it at different times. To assess the differential 
yield records the amount of sterility was determined for each sowing, and Table I 
gives the results obtained. 

Table I. 


Behaviour of two strains, GEB. 24, and ('<>. 3, sown at different times of the year 1927-28. 


Time of sowing 

GEB. 24 

06.3 

Total 
yield of 
plot in 
grams 

Average 
number of 
ears per 
plant 

Percent¬ 
age of 
uusetting 

Total 
yield of 
plot in 
grams 

Average 
number of 
ears per 
plant 

Percent¬ 
age of 
unsotting 

July. 

4,820 

7*1 

19*2 

6,720 

5*1 

15*7 

August .... 

4,750 

0-8 

23*3 

5,300 

5*9 

131 

September . 

3,890 

6*4 

271 

4,260 

5*1 

30*7 

October .... 

4,140 

7*4 

151 

3,810 

5*4 

19*1 

November .... 

3,050 

7*4 

18-0 

2,690 

5*5 

9*9 

December .... 

2,740 

6*6 

15*3 

4,820 

0*2 

13*9 

January .... 

820 

8*3 

35 3 

570 

7*8 

31*8 

February .... 

4,880 

| 8*8 

5*8 

2,390 

0*0 

12*6 


( N.B .)—1. The total yield was obtained from the same unit area planted for all the sowings. 


2. The average number of ears per plant was obtained from 100 plants taken at random 
throughout the plot, 

5. Percentage of sterility was obtained from actual oounting of the set and unset spikelets 
in 1°0 primary panicles taken at random. 

The results of only one year, 1927-28, are given as it was a good representative 
of a normal rice season in Coimbatore. The two varieties are different in duration, 
and from the amount of sterility appearing in the different sowings, it would 


# Unpublished results accumulated by the Paddy Specialist in Coimbatore. 













PLATE XXXVI 



Two examples showfrg the occuirenc- ard non-occurrence of stenlit* in Fj. 
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appear that they have a different optimum time of sowing. Although from compa¬ 
ring the yields very early sowings are to be preferred, it would seem that but for the 
higher percentage of unsetting obtained, some of the later sowings could have 
proved far better. The sterility has nothing to do in this case with the vigour 
of the plant as would be seen from the number of ears formed per plant. Too much 
of rain during the flowering time, or too dry a condition of the soil at that time 
when the plants transpire most, are stated to result in a large amount of sterile 
spikelets in the plant. Too much of fertility in the soil which makes the straw 
lodge even at the time of flowering on account of over-growth is also known 
to result in unset spikelets. 

IV. Inheritance of sterility in crosses. 

That the spikelet sterility, apart from its incidence due to environmental 
conditions, is controlled by hereditary factors has become abundantly clear from the 
study of several artificial crosses made at the station. Some of the crosses mainly 
intended to evolve high-yielding stiains began to exhibit a large amount of 
spikelet sterility in the F x F 2 and later generations, though it was practically 
absent in the parents themselves. Plate XXXVI represents two examples showing 
the occurrence and non-occurrence of sterility in the Fj/s. Jones [1930] also refem to 
the occurrence of such sterility in F^s and off-springs of crosses between Chinese 
and Japanese rice varieties. Though hybridization work in rice to build up 
types having several desirable characters in them is full of promise, and this 
line of work is being pursued in Coimbatore, the occurrence of sterility in the 
progenies of several of these will, it is considered, be a limiting factor. The 
incidence of sterility is particularly apparent in crosses between parents differing 
rather largely with regard to their characters, like duration, tillering, grain sizes, 
etc. In a particular cross where there was hardly any sterility in the parents, 
its amount varied from 4 to 56 per cent, in the F 2 generation. We cannot afford 
to neglect making (rosses between parenl s of widely divergent characters simply 
because of this sterility difficulty. It has been repeatedly stated by geneticists 
of repute as a result of their own critical experiments on plants, that the greatest 
opportunity for plant improvement lay in crossing together types which are 
as far differentiated from each other as is possible without producing complete 
sterility in the hybrids. When varieties differing in a large number of allelomorphs 
can be crossed and the resulting hybrids are fertile, there is a wonderful chance 
for desirable combinations occurring in the F 2 generation. The complex nature 
of this character becomes apparent while considering its genetic association 
with other inherited characters in rice as the following instances will show. 

V. Genetic association of sterility with other characters. 

1. In one of the crosses, the F a generation was segregating for the presence 
of anthooyan pigment at the leaf axil and stigma. This segregation was expeoted 
to give a 9 : 7 ratio of pigmented to non-pigmented plants from the known 
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constitution of the parents. The same family was also found to vary considerably 
for the amount of sterility exhibited by the plants. The amount of sterile and 
fertile spikelets was determined quantitatively for each plant and the amount of 
sterility expressed in percentages. These percentages were tabulated with the 
plants with and without pigment. Table II gives the distribution of one such F 2 . 


Table II. 

Percentage of setting in pigmented and non-pigmented plants in F 2 2723. 

| 'Frequency of plants 


Percentage of set spikeleta 

Pigmented 

Non-pigmented 

0—4 

1 

• • 

5—9 

2 

1 

10-14 

1 

1 

15—19 

3 

** 

20—24 

4 

•• 

25—29 

6 

8 

30—84 

17 

2 

35—39 

80 

2 

40—44 

45 

I 

45—49 

64 

4 

50—64 

109 

16 

55—59 

70 

17* 

60—64 

44 

24 

65—69 

20 

45 

70—74 

13 

60 

75—79 

19 

104 

80-84 

14 

118 

85—89 

11 

124 

90—94 

4 

57 

95—99 

3 

26 

Total. 

486 

605 

Mean percentage of setting 

53 *7±0*43 

78*2±0*84 
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The two means are different, the difference between them being very highly signifi¬ 
cant in terms of the error. It is apparent that the amount of sterility is definitely 
greater in the pigment group, thus establishing an association between the pigment 
factors and the factor or factors responsible for sterility. Although the two 
parents of this cross were fully fertile, the individuals resembling the parents as 
regards fertility of the spikelets were considerably less, there being a very large 
number of partially sterile and fully sterile individuals. The small number of 
individuals with fully fertile panicles in the F 2 , and the ease with which a large 
number of selections from such individuals breeding pure in the later generations 
would seem to indicate that sterility may be a dominant character in this cross. 

2. The second case of association between anthocyan pigment factors and sterility 
was obtained in another Gross where the F 2 was segregating for purple and green 
glumes. The factor responsible for the presence of pigment on the glumes is 
known from previous work to be different from those responsible for pigment in 
the leaf axil and the stigma. Here, also, the two parents did not show much steri¬ 
lity though it was present to an appreciable amount in the F 2 . When the amount 
of sterility was deter m i n ed quantitatively for each plant and tabulated with the 
colour of the glumes, it was found that the purple glumes were slightly more fertile 
than the green glumes, the difference being significant in terms of the error. 

3. Another association of this character recognised in the progenies of a different 
cross was with the degree of the emergence of the panicle. By the term emergence 
is here meant the length of the peduncle between the rachis and the leaf-junction 
of the boot leaf. In some varieties this emergence is several centimetres long, while 
in certain others the bottommost node of the panicle is either on the same level 
with, or far below the top leaf-junction enclosed in the leaf-sheath. This quantita¬ 
tive character from other inheritance studies has been proved to be a Me^delian 
character of the multiple factor type. In the F 2 ’s the variations for the emergence 
and spikelet sterility were considerable, and the two were quantitatively determined 
for each plant and then tabulated. This gave a high positive correlation coefficient 
of -t-0‘92...'02, proving that the plants with a poor emergence were poor in fertility. 
Plate XXXVII, fig. 1 represents three panicles from an F 2 showing an association 
between emergence and setting. Morphologically this correlation ean be 
easily understood. The opening of the glumes and the fertilization commence 
immediately after the panicles emerge out of the top leaf sheath. Stray cases 
of cleistogamy have been observed where fertilization occurs even without 
the panicle emerging out and consequently without the glumes opening, though 





PLATE XXXVII. 





Fig. 2. Occurrence of aborted pollen in progeny offparents with normal pollen* 





OOOTJMtBNOB OF STBB1UTC IN RIGS 


419 


The two means are different, the difference between them being very highly signifi¬ 
cant in terms of the error. It is apparent that the amount of sterility is definitely 
greater in the pigment group, thus establishing an association between the pigmenl 
factors and the factor or factors responsible for Bterility. Although the twc 
parents of this cross were fully fertile, the individuals resembling the parents as 
regards fertility of the spikelets were considerably less, there being a very largt 
number of partially sterile and fully sterile individuals. The small number of 
individuals with folly fertile panicles in the F 2 , and the ease with which a large 
number of selections from such individuals breeding pure in the later generations 
would seem to indicate that sterility may be a dominant character in this cross. 

2. The second case of association between anthocyan pigment factors and sterility 
was obtained in another cross where the F 2 was segregating for purple and green 
glumes. The factor responsible for the presence of pigment on the glumes is 
known from previous work to be different from those responsible for pigment in 
the leaf axil and the stigma. Here, also, the two parents did not show much steri¬ 
lity though it was present to an appreciable amount in the F 2 . When the amount 
of sterility was determined quantitatively for each plant and tabulated with the 
colour of the glumes, it was found that the purple glumes were slightly more fertile 
than the green glumes, the difference being significant in terms of the error. 

3. Another association of this character recognised in the progenies of a different 
crosB was with the degree of the emergence of the panicle. By the term emergence 
is here meant the length of the peduncle between the rachis and the leaf-junction 
of the boot leaf. In some varieties this emergence is several centimetres long, while 
in certain others the bottommost node of the panicle is either on the same level 
with, or far below the top leaf-junction enclosed in the leaf-sheath. This quantita¬ 
tive character from other inheritance studies has been proved to be a Meqdelian 
character of the multiple factor type. In the F 2 5 s the \ ariations for the emergence 
and spikelet sterility were considerable, and the two were quantitatively determined 
for each plant and then tabulated. This gave a high positive correlation coefficient 
of 4-0‘92../02, proving that the plants with a poor emergence were poor in fertility. 
Plate XXXVII, fig. 1 represents three panicles from an F f showing an association 
between emergence and setting. Morphologically this correlation can be 
easily understood. The opening of the glumes and the fertilization commence 
immediately after the panicles emerge out of the top leaf sheath. Stray cases 
of deistogamy have been observed where fertilization occurs even without 
the paniole emerging out and consequently without the glumes opening, though 
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for normal fertilization emergence of the panicle from the enclosing leaf sheath 
would appear necessary. There is another interesting result obtained in this 
family with regard to the duration of the crop. The same F, was found 
segregating for duration, and the joint tabulation of duration and emergence gave 
a negative correlation of —0*96 ± *05. This means that all the late plants have got 
a poor emergence. Since these two correlations are very high, it follows that the 
correlation between duration and sterility must be positive and high also in this 
particular family. From the study of a number of F 2 families in this cross it was 
found that all the plants which flowered beyond a certain date, though they grew 
very vigorous, never produced any grain. This cross establishes the association 
between sterility on one side and the ear emergence and the duration of the plant 
on the other. These results have been recently confirmed by Jones [1930] in 
California. 

4. In still another cross both the parents exhibited a certain amount of steri¬ 
lity, about 17 per cent. The parents differed to a large extent in the grain size 
and its arrangement in the panicle. In the F 2 the percentage of sterility varied 
from as low as 5 per cent, to as high as 80 per cent., and there was an association 
of sterility and the grain size and arrangement as in Table III. 


Table III. 


Test of independence in a 2 X n classification of F 2 6203. 


Groin arrangement 

Percentage of nnsetting 

Total 

» 

16 & below 

16—30 

31—46 

46 & above 

Spar*© • 

• 

m 

269 

66 

10 

604 

Bunched 

• 

26 

97 

68 

6 

187 

Total 

• 

296 

356 

124 

16 

791 



4,067,936 

289,674 

1,298,678 

192,282 

6.838,669 


_ £838869 

“ 113948 

- 81*7. 

P - *0000 

Applying the test of independence, the value of P is a very insignifioant fraction 
showing t hat so far as this particular character, setting of spikelets, is concerned, 
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the distribution of the two groups “ Sparse ” and “ Bunched ” are absolutely inde¬ 
pendent, The plants with a small grain and a closely packed arrangement in the 
panicle showed rather more of sterility than those with a big grain and a sparser 
arrangement. 

5. There is also an indication of a genetic association, and this has not yet 
been worked out, between the glutinous character of the rice endosperm and steri¬ 
lity. 

The above-mentioned instances have all been obtained by crossing rice varieties 
of the same species, 0 . sativa , all apparently having the same number of chromo¬ 
somes. The sterility may be brought about either by defects in the morphological 
parts or to physiological factors as a result of inherent factors for such defects. 
Sterility may be caused not only when a perfect sexual combination has failed to 
be secured, but also by the fertilized egg not developing after fertilization. 

In crosses attempted between 0 . saliva and 0. longistamwata , and between 
0 . sativa and 0 . latifolia , the cross-pollinated spikelets appeared well-formed and 
even developed the characteristic ripening colour of the mother plant which is not 
usual with a non-fertilized spikelet. But when these spikelets were later harvested 
they were found to yield to pressure between fingers and when the husk was 
removed and examined, it was found that there was hardly any endosperm although 
the seed-coat was formed. This was suspected as a case of single fertilization 
instead of the usual double due to abnonnal nuclear division. This suspicion is 
confirmed by the work of Japanese breeders [Suzuta and Suemata, [1928] who have 
obtained similar results independently. 

VI. Sterility where most apparent. 

Several of the pure lines which normally exhibit a large percentage oi sterility 
have been examined carefully for two seasons. This examination gives some 
indication as to its order of occurrence. 

The rice plant does not produce earheads all at once, but these come on gra¬ 
dually in the same order of tiller formation. The order of earheads was marked 
as 1, 2, 3, and so on for a number of plants in each variety, and the amount of 
sterile spikelets in each ear determined separately. The amount of sterility in the 
individual plants, and the individual tillers of each plant, was found to vary consi¬ 
derably. 
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In two of these varieties showing sterility all the spikelets of all the panicles 
in a plant were marked out in a chart and the flowering date of each individual 
spikelet noted in the chart, and records kept about the fertility or sterility 
of eaoh spikelet. Generally it takes 4 to 7 days for a single panicle to finish flowering, 
and this period is reduoed in the case of later formed panioles in the same plant. 
When the days of flowering of individual spikelets in each panicle in the order of 
their formation are tabulated, not only is there a definite increase of sterility in 
the later heads, but all the sterile spikelets are practically confined to those 
flowering in the end of the blooming period (Tables IV A and IV B). Fig. 1 
depicts graphically the average percentage of sterility of flowers opened during the 
blooming period. The sterile spikelets are also confined to the basal portions 
of the branches at the lower half of the panicle. 

Table IV-A. 


Order of flower opening and distribution of sterile spikelets in individual panicles 

of a plant. Type K-74. 


Date of flower 
opening: 

First ear 

Second ear 

Third ear 

Total number of 
flowers opened 

Number of unset 
flowers 

l 

§ 

o 

§> 

flf 

Is 

s s 

p* 

Total number of 
flowers opened 

Number of unset 
flowers 

Percentage of un¬ 
setting 

Total number of 
flowers opened 

0> 

CD 

S 

o 

|g 

Percentage of un¬ 
setting 

August 21 

20 

m 

0 

11 

0 

0 


... 


22 

18 

0 

0 

23 

i 

4 

13 

0 

0 

23 

27 

2 

8 

16 

0 

0 

30 

0 

0 

24 

11 

1 1 

63 

13 

6 

46 

26 

2 

6 

25 

H 

1 

100 

9 

9 

100 

21 

13 

60 

26 

1 

1 

100 


3 

100 

11 

11 

100 

27 


M 

... 


... 

... 

7 

7 

100 

Total • 

86 

19 

22 

75 

19 

25 

106 

33 

31 


























Table IV-B. 

Order offlower opening and distribution of sterile spikelets in individual panicles of a plant. Type 252. 
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Fourth ear 

<2 

1 

|!1i 

r 

0 

0 

U 

41 

71 

100 

100 

g 

8> 

1 

number 

of 

unset 

1 

us 

© O V* ® o V* M 

• • l-H <-* 

8 

!M 

l 

o 

05 00 (N ^ ^ N 

. . . — C4 C* p-i 

8 

Third ear 

J 

i 

i'SS 

i.|3> 

i§pg- S 

0 

0 

4 

24 

62 

100 

100 

100 

8 

i 

i 

< 

l,i 

1*1 

s 

0 

0 

1 

7 

13 

9 

4 

2 

S 

Average 

number 

of 

flowers 

opened 

6 

14 

28 

29 

21 

9 

4 

2 

113 

i 

4* 

oi 

8>Jj 


0 

0 

0 

9 

44 

81 

100 

100 

8 

Average 
n amber 

of 

unset 

i 

O 

us 

oooeo*Hcot*co 

1-4 

• • • 

• • « 

5 

! 

number 

of 

flowers 

opened 

tee 

1 

14 

28 

34 

25 

16 

7 

3 

128 

i 

i 

jit* 

11 

5 

4 

5 

64 

93 

100 

100 

N 

M 

i 

number 

of 

unset 


1 

1 

2 

2 

18 

13 

8 

1 

$ 

Average 

number 

of 

flowers 

opened 

9 

22 

48 

38 

28 

14 

8 

1 

168 

Bate of flower 

1 

. f 

S 8 a g 4 

*- *-*#IC*W*Q«Ot* J 

In £ 

I, * * * 2 t a * s a * 
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VII. Causes op sterility. 

In connection with the studies about sterility all the following points will have 
to be investigated into: (1) special features of the essential parts of the flower, the 
stigma and the pollen grains, (2) the structure of the pollen grains and its viability, 
(3) germinating the pollen grains under artificial conditions, (4) receptivity of the 
stigma, etc. All these various lines of investigations are being pursued and some 
results are already obtained. These will form the material for a separate publication. 

The structure of the flower and its essential parts have been examined rather 
carefully in some of the pure lines conspicuous for their sterility. The opening of 
the glumes in rice and the dehiscence of the anthers are greatly influenced by the 
prevailing atmospheric temperature and humidity. Within narrow limits every 
variety has its own optimum temperature and starts blooming when that tempera¬ 
ture is attained [Ramiah, 1927]. In normal oases the anther sacs are fully 
mature at the time of flower opening and they immediately dehisce and shed their 
pollen. In some of the cases examined it was found that the anther saos had 
emerged out and dried up without dehiscing. The size of the anther sacs occur¬ 
ring in such sterile spikeletB were slightly smaller than the normal ones, and they 
did not attain the bright yellow colour of the normal anthers. The pollen grams 
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when examined under the mioroaoope were found to be almost empty and in a 
oollapeed condition. Sterility in this case must be entirely due to the defective 
pollen, and this appears to be the most common cause for the occurrence of sterility 
in rioe. Plate XXXVII, fig. 2, shows that occurrence of aborted pollen in an Fj, 
while the pollen of the two parents are normal. 

With the rapid growth of the anther filaments just at the flowering time there 
is a simultaneous growth of the stigmas as well. At the time of the anther 
dehiscence the style branches of the stigma open out and show a tendency to come 
out of the glumes at the sides, so that when the glumes close again the stigmas are 
caught invariably between the glumes with their tips remaining outside. In such 
cases even if self-pollination does not take place, there is the possibility of the 
stigma getting the pollen from the spikelets situated above in the same panicle, or 
from other spikelets in the same plant. If the stigmas do not grow simultaneously 
with the anthers, as it appears to do in some of the observed cases where sterility is 
found to occur, the stigmas remain inside the glume and when the glumes close 
again they loose all chances of getting pollinated. The normal self-fertilization, 
therefore, appears to depend on the simultaneous maturity of the anthers and the 
stigma. If the temperature and humidity are artificially increased around the 
panicles by enclosing the panicle in a paper or cloth cover, the anther filaments 
elongate much more rapidly than the stigmas, but the anthers do not dehisce, and 
by the time the glumes close again the stigmas are still inside without getting 
pollinated. This is found to be the cause of sterility occurring in certain plants 
which are enclosed in a cloth bag for selfing purposes, which is resorted to in the 
case of the F/s of artificial crosses. Whether such a thing could happen in Nature 
and account for the sterility that often occurs in varieties we cannot Bay. But still 
most of the Btigmas of the sterile spikelets when examined appear to bb quite 
fresh and healthy with the stigmatic hairs turgid for a long time after the opening 
and closing of the glumes. While the fertilized stigmas shrivel up after some time, 
the healthy condition of the stigmas inside the sterile spikelets would appear to 
show that the sterility must be due to want of pollination. 

The apparent healthy condition of the pollen grains cannot be construed as a 
positive evidence of ability to function. In two of the varieties showing sterility, 
a number of ovaries with the stigmas well smeared with pollen grains were carefully 
removed about 4 hours after pollination, cleared in KOH solution, and examined 
under the microscope. It was found that though all the stigmas had the pollen on, 
over 50 per cent, of the stigmas did not show any pollen tube. Sterility in this 
case may be due to defective stigmas as well as ovaries, as they failed to show 
any pollen tubes even when artificially pollinated with healthy viable pollen. In 
0. long%8taminata, a normally sterile wild rice, it is found that the pollen germinate 
on the stigma and send out tubeB which can be traced only up to the stylar tissue. 
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VIII. SUHKABY. 

Sterility or failure to produce grain is one of the contributing causes of low 
yields of a crop. There are several forms of sterility brought about by various 
causes, but the one discussed in this paper refers to the common form where a 
varying number of spikelets in the panicle remain unset, interspaced with well-set 
spikelets. This form of sterility is caused by influences both environmental and 
hereditary. Among the environmental influences the season at whioh the crop is 
grown plays an important part. 

When the large number of pure line collections at Coimbatore are examined, it 
is found that this sterility occurs to a small extent in a great many of them, and 
to a large extent in a few of them repeatedly year after year. The inheritance of 
this character is complicated, and has not yet been worked out completely. Some¬ 
times even when the parents of a cross are absolutely free from this defect, the 
F t , F g and later generations of the cross exhibit the same to a varying extent; 
the wider the difference between the parents with regard to their characters, the 
greater is the amount of sterility in the progeny. 

Studies in the progenies of artificial crosses made at the Paddy-Breeding Station, 
Coimbatore, show a partial association of this character with characters like presence 
of anthocyan pigment in particular parts of the plant, the duration of the plant, 
the degree of emergence of the panicle, and the size and arrangement of the grain 
in the panicle. 

In crosses attempted between 0. saliva and two other species of Oryza, 
0. longistaminala and 0. latifolia, there is evidence of single fertilization instead of 
the usual double due to abnormal nuclear division. 

When varieties where a large amount of sterility occurs are examined criti¬ 
cally, it iB found that its incidence is mostly confined to the spikelets that flower 
towards the end of the blooming period, and these are usually situated at the base 
of the bottom branches of the panicle. 

Examination of the floral parts of the sterile spikelets would show that steri¬ 
lity is due to uneven maturity of the pollen and the stigma, aborted pollen, and 
non-functioning of the pollen even when well-formed. There are a few instances 
where sterility may be put down as due to defective stigma. 

Acknowledgments. —Use has been made in the preparation of this paper of some 
of the unpublished results collected by F.R.Parnell to whom the author is indebted. 
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Introduction. 

Salt (sodium chloride) is as essential as food to cattle to build up the body and 
maintain health. In Western India, the use of salt is limited to milch animals, 
wor king bullocks and bull-calves, and it is usually mixed with the ration. But 
other animals suoh as dry cows and non-working bullockB are quite neglected in this 
respect. However, from the study of the habits of the grazing animals it is evident 
that the animals desire and try to get salt by licking look, soil, ash and their 
own body or that of other animals. 

Watt [1893] gives the same opinion“ It has never been the general practice 
to give salt habitually to cattle, especially grazing cattle (whi ih constitute the 
majority), except as a religious observance or as medicine when sick. 

The results of our experiments legarding the use of salt to grazing animals have 
since 1925 been found very interesting and useful; and they are described in this 
short paper with a view to benefit those interested in pasture improvement and cattle 
management. 

Hock Salt—its occurrence, discovery, distribution, appearance and 

COMPOSITION. * 

Salt usually occurs as sea salt and rock salt. But it is the rock salt which is 
liked by grazing animals. It is a mineral deposit and was first discovered in 1837 
in Thurungia at Aitern and later in Strassfurt, Germany. Rock salt deposits occur 
in beds interstratified with sedimentary rocks and are often < losely associated with 
gypsum. Its deposits in Germany extend over wide areas and are of vast thickness. 

Of the salt produced in India, about eleven per cent, is made from the rock salt. 
It occuis in two legions in the north-west corner of the Punjab, in solid beds which 
generally underlie the thickest development of gypsum. 

Rook salt is usually colourless in mass and white after pulverization ; but when 
impure, it is biownish red or yellow. It is generally in compact crystalline masses. 

* Paper read at the Agrionlture Seotion, Indian Soienoe Oongreee, Nagpur, January 1931. 

( 427 ) ' 



428 AGRICULTURE AND LIVE-STOCK IN INDIA [ I, IV. 

The following is the average composition of rock salt from the Mayo Mines 


[Harris, 1907] 

Per omt. 

Earthy matter.Trace. 

Calcium sulphate.0*75 

Calcium ohloride.0*50 

Magnesium chloride.1*25 

Sodium chloride.93*00 

Water and loss.4*50 


Total . . • 100*00 

It will be seen from the above table that rock salt in its fine crystalline mass, 
having a small amount of hygroscopic salts, is better Buited as a cattle-lick on grac¬ 
ing areas. 

Preliminary Experiments. 

Our first trial regarding the itse of rock salt was made in 1925 on poor pasture 
of 37 acres at Padmavati, near Poona, with a herd of 25 cattle consisting of milch 
animals, working bullocks and calves. Salt blocks weighing about a pound each 
were placed in two places on the area. At the beginning the a n i m ate were so 
frightened that they ran away from the salt spots. Later on, in about two weeks, 
a taste was created by offering the salt blocks by band to the animate and they 
gradually began to like it. Tn a month’s time the whole herd was found freely lick¬ 
ing the salt blocks with great avidity while grazing. One day one animal was actu¬ 
ally found running after the salt when it was being shifted to another place. 

With the help of salt, the coarse feed which would have otherwise been wasted 
was mostly consumed that year by the animals. By licking Balt, the animate got 
more thirsty and drank oftener. 

Similar experience was gained at Mehrun, near Jalgaon (East Khandesh), and also 
at Chharodi, near Ahmedabad. 


Detailed Study. 

A detailed study regarding the use of rock salt has been in progress since 1928 
on a poor pasture of 40 acres divided into four blocks of 10 acres each and fenced 
all round, at Bhamburda forest, near Poona, where airangements for drinking water 
for 20 animals have been ma ie. Our observations since then have thrown more 
light on the improvement of pasture and also on the control of animals. 

Here also animals in the beginning did not touch salt, but, later on. they gradu¬ 
ally took to it and liked to such an pxtent that they actually followed the man who 
removed the salt-blocks from plaoe to place. Many a time an aggressive animal 
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oontinaed licking for about half an hour and did not allow others to approach. This 
fact made ue distribute salt-blocks at eeveral instead of at one or two places on 
the area where grazing was to be done. This distribution prevented competition 
and facilitated free access for every animal. 

Size of Hooks. —The most convenient size of the block that has been found after 
long experience is not less than four pounds in weight having a flat surface on which 
the animal can lick larger area. This block, after constant licking, gets worn hol¬ 
low. When it is found difficult for the animal to lick, owing to the sharp edges 
of this piece, it is either picked up into the mouth and ground between the molars, 
or left untouched and thus goes to waste. Pieces smaller than eight ounces in 
weight are actually eaten. 

Receptacle. —The most convenient and suitable receptacle for placing the salt- 
blocks is a rectangular wooden box, 1£ feet long, 1 j feet broad and £ foot thick, with 
lead-plated borders. Such a box costs four annas and it lasts for two years. It is 
placed on the ground supported with medium-sized stones all round. By this 
arrangement the box is kept steady and not easily displaced by the animals while 
licking. Besides, the box looks conspicuous on the area and no animal can miss it. 
Previous to the use of this box, the salt-block was kept on ground, but it was often 
displaced by the licking animals and many a time the salt block was recovered with 
great difficulty as it was carried out of sight into the bush or shrub and thus ulti¬ 
mately wasted. In Texas, U. S. A. [Talbot and Chapline, 1926], salt is usually 
placed in logs or troughs, and this arrangement has so far been found satisfactory, 
since it allows several animals at a time to use it, and also is not displaced while 
being used. 

Consumption. —Our experience with the study of over two years (1928-1929) 
Bhows that the consumption, on an average, of salt, during the rains, cold season and 
hot weather, roughly comes to 2*3, 1*7 and 2*5 pounds per animal per month, respec¬ 
tively. In the hot weather when there was no grazing on the area, animals were 
stall-fed, and salt-blocks were placed before certain groups of animals in the stall. 
So on an average, irrespective of the season, each animal consumed 2*16 pounds of 
salt per month. Experience in Texas, U. S. A., is that consumption during the rainy 
season is from 2 to 2*3 pounds and in other seasons it varies from 1 to 1*5 pounds 
per animal per month. 

(Consumption also depends upon another factor, viz., the nature of feed. Animals 
when kept grazing on a stuff like the annual Andropogon contortus, just at the flower¬ 
ing time, and also when kept on coarse and more matured stalks of perennial species, 
like Andropogon montieola and Ischaemum lascum, consumed 3*78 pounds per month 
per animal. "While they were feeding on the fresh growth after the main harvest 

2a 
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was made tlie consumption of salt was only 0-93 pounds per animal per month. In 
Ohio and Texas, U, S. A., the experience is quite the reverse [ Talbot and Chaplina, 
1926 ]. While feeding on drier and more matured stuff the consumption was less, 
and green succulent feed required more salt. Our observations on this point are 
yet to be confirmed. 

Effect of salt on animal .—In the absence of comparative figures nothing 
definite can be said. Still, it can fairly be said that animals looked healthy. 

' Besides other interesting points noted are that (a) animals were easily controlled 
and turned very easily wherever they were required to be in the area; (6) that 
animals after being used to lick salt almost forgot the habit of licking rock, soil, ash 
and the body of other animals which was so common and frequent before ; (c) salt 
facilitated the proper consumption of the grass growth, good as well as bad ; (d) that 
with salt, they get more thirsty and naturally drank oftener ; (e) old animals were 
found licking salt oftener than the young animals. 

Effect of salt on vegetation— Since there was not an incessant attack on the good 
grasses only, they grew and seeded better, and thus helped further re-vegetation of 
the area. 

Cost of salt.’- According to the market (Poona) rate at 12 pounds per rupee, 
salting per animal per month costs two annas and ten pies. 

In brief, with the use of salt more feed to cattle is made available on the grazing 
area, and thus the problem of adequate supply of fodder is partially solved. 


Summary. 

1. The giving of salt, to animals on grazing areas is a novelty in Western India. 
Grazing animals, however, get salt in slight quantity by licking rock, soil# ash and 
body of other animals. 

2. Rock salt is convenient for grazing animals, since it is in compact crystalline 
mass and little hygroscopic. 

3. Animals consume more salt during stall-feeding than open-grazing. They 
consume more when feeding on poor dry grass than on green succulent growth. 

4. Salt is relished with great avidity bv all bovines, who forget the habit of 
licking rock, soil, ash and body of other animals. 

5. Salt facilitates easy control of animals and proper utilization of the growth. 
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RECENT PASTURE RESEARCH IN GREAT BRITAIN. 

BY 
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(Reprinted from the Tropical Agriculture, Vol. VI, No. 12, December 1929.) 

The complaint has often been heard in the past that grassland farming has 
scarcely received the same amount of attention at the hands of the scientific worker 
as has the subject of arable farming, despite the fact that the production of meat 
and milk has always figured so prominently in British farming. Be that as it may, 
the complaint can hardly be made with justice at the present time. The pioneer 
work of such well-known grassland investigators as Somerville, Gilchrist, Hall, 
Russell and Armstrong has been followed up and extended during the present 
decade in a series of investigations which have been prosecuted at certain centres 
for agricultural teaching and research throughout Great Britain. Curiously enough, 
this epoch of grassland research has coincided with a tendency on the farmer’s part 
to restrict Bomewhat his interest in corn growing in favour of grassland husbandry, 
a change of policy which has, however been dictated purely by economic conside¬ 
rations. 

In citing the various lines of recent agricultural research, one need only refer to 
the investigations into the mineral composition of the herbage from different types 
of grassland (Rowett Research Institute, Aberdeen); the studies of the pasture 
attributes of the individual species of grasses (Welsh Plant-Breeding Institute, 
Aberdeen); the work in connection with the composition, digestibility and nutritive 
value of pasture herbage under different systems of grassing (School of Agriculture, 
Cambridge). The important investigations of Imperial Chemical Industries, Ltd., 
into the questions of sectional grazing and the fertilizing of pastures should also 
receive special mention at this point. It is perhaps too early to forecast the ultimate 
effect on grassland husbandry of all the information which is steadily being accu¬ 
mulated in these different investigations, although it has already become apparent 
that present methods are by no means adapted to securing the fullest possible 
advantages which both pasture and meadow are capable of yielding. It will be 
surprising if the next few years do not witness a number of fundamental innova¬ 
tions in the methods of grassland husbandry throughout the Empire. 

( 431 ) 2 0 2 
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Composition and Nutritive Value op Pasture Herbage. 

The problem of securing information concerning the feeding value of pasture her¬ 
bage under conditions resembling those of grazing was attacked at Cambridge in the 
following maimer. At the beginning of the 1925 season, a large plot was marked 
out on one of the pastures of the University Farm. This main plot was further 
divided into seven equal sub-plots, and every day throughout the grazing season, 
one sub-plot was cut over by means of a 16-inch motor lawn mower. In this way 
the whole plot was cut over once per week throughout the season. After cutting, 
the grass was left as Bhort as it might be left after being grazed by sheep under 
conditions of heavy stocking. 

It should be noted, therefore, that in this initial trial the system of cutting was 
frequent and severe. The conditions were so designed as to bring out the results 
which would be obtained in respect of the composition and nutritive value under a 
system of uniform and close-grazing. In subsequent trials, the interval between 
successive cuttings was lengthened to a fortnight, 3 weeks, and so on, and the 
influence of these more lenient systems of cutting on the yield, composition and 
feeding value of the herbage was investigated. 

The results of the 1925 investigation may briefly be summarised as follows: 
pasture grass kept short by efficient grazing contains a very high percentage of 
protein throughout the whole reason. Roughly one quarter of the dry substance 
in such herbage consists of protein, an amount 2\ times aB great aB that found in 
grass which has been allowed to grow unchecked for hay. On the other hand, the 
amount of fibre in such young pasture grass is very much smaller than that in 
meadow hay. In respect of digestibility, young leafy pasturage compares favour¬ 
ably with a concentrate like linseed cake, being superior to that of a concentrate 
like palm kernel cake and very much superior to that of best quality meadow hay. 
Even the fibrous constituent, which in hay is often woody and of low digestibility, 
is, in pasture grass, digested to an extent almost equal to that of the carbohydrate 
fraction. 

The Cambridge feeding trials have demonstrated that pasture grass possesses 
a far higher nutritive value than has hitherto been suspected. In its young leafy 
condition, its dry food material partakes of the character of a protein concentrate 
like linseed cake and not of a coarse fodder like hay. Unlike many farm concen¬ 
trates, it is capable of supplying all the animal's requirements for vitamins and for 
bone and milk-forming minerals like lime, potash and phosphate. It was not with¬ 
out reason, therefore, that the conclusion was drawn “ that the farmer’s cheapest, 
and possibly his best concentrate is to be found growing within reach of the home¬ 
stead ”. Young leafy pasturage is essentially a feeding stuff designed for production 
lather than for maintenance purposes, 



PASTORS RESEARCH In GREAT BRITAIN 


43$ 


It is customary to assume that the nutritive value of pasture, and its content 
of protein, are relatively low in summer and autumn, but this statement is certainly 
not in accord with the results of the Cambridge work. The feeding value was high¬ 
est during the spring flush of grass and fell off slightly during mid-season as a con¬ 
sequence of the droughty conditions then prevailing. With the coming of rain} 
however, the nutritive value gradually recovered, until in September and October 
the grass was very little inferior in this respect to that available in spring. At this 
late stage of the season, the dry matter of the herbage contained no less than 28 
per cent, of protein. This result is all the more interesting in view of the fact that 
the bulk of the herbage at the end of the season consisted of creeping bent, which 
is usually looked on as possessing poor feeding value. 

There can be little doubt, therefore, thut it is possible to maintain the nutritive 
value of pasturage throughout the entire season provided the herbage is adequately 
grazed. If, as is commonly the case, the pasture is only scantily grazed during 
late summer, then grasses like bent grass will grow mature and fibrous and of 
greatly diminished feeding value. The occasional use of the mower is to be re¬ 
commended, where it is found impossible, by grazing alone, to keep the pasture her¬ 
bage young and leafy. 

In a second investigation carried out during the season of 192ft it was demon¬ 
strated that the richness of pasture grasB in respect of digestible protein and starch 
equivalent, is under a system of close-grazing, independent of the botanical cha¬ 
racter of the herbage or the presence of little or much wild clover in the pasture. 
This is a finding of the most fundamental significance. It is difficult to resist the 
conclusion that the botanical composition of a pasture is of secondary importance, 
and that management, involving not only efficient stocking and close-grazing, but 
also adequate manuring to ensure density of herbage and vigour of growth, Is the 
primary factor determining the nutritive value of pastures. Botanically, it is 
desirable that a pasture should contain a number of different species of grasses of 
different seasons of luxuriance in order to ensure a continuous succession of 
growths from early spring to late autumn. That factor complied with, it is merely 
necessary, in order to ensure the best results from the nutritions} standpoint, to 
concentrate on preventing the grasses from flowering and seeding^Should the her¬ 
bage be permitted to grow long and mature, as on poorly grazed pasture or under 
meadow conditions, there can be li^tj/doubt that the different species would dis¬ 
play differing feeding values, and under such conditions the nutritive value 
would be likely to be conditioned by botanical composition. Under pasture condi¬ 
tions, however, it should be possible in large measure to overcome handicaps from 
the botanical standpoint by combining a system of close-grazing with an intelli¬ 
gent system of fertilising. 
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Rotational or Sectional Grazing of Pastures. 

It is easier to achieve the object of close-grazing with small rather than wilt 
big pastures and for that reason there is a strong movement among British graziers 
in the direction of dividing up the extensive poorly-grazed pastures into enclosures 
of much smaller dimensions. The following brief outline of an experiment carried 
out during 1926 in Yorkshire under the auspices of Imperial Chemical Industries, 
Ltd., may be taken as typical of the experiences of fannera who have adopted the 
practice of the rotational grazing of pastures combined with intensive fertilising. 

Two large pastures comprising 27 acres were divided into 6 paddocks varying in 
size from 4 to 5 acres each, with water laid on. In the previous December, the 
whole of the grassland received a suitable dressing of chalk, phosphate and potash. 
At the beginning of February, the first enclosure received sulphate of ammonia at * 
the rate of 1 cwt. per acre, and at intervals of about a fortnight similar amounts 
of this nitrogenous fertiliser were applied in turn to the other enclosures. When 
the herbage on the first field was 4 to 5 inches long, a suitable head of stock was 
moved on to it for some days until the field was grazed uniformly cloie. The 
animals were then moved on to the Bccond field, the first being harrowed and rested 
for a time. 

In this manner the fields were grazed in rotation, the animals feeding on a suc¬ 
cession of grass flushes of high nutritive value. After the cycle was complete, the 
procedure was recommenced, sulphate of ammonia being again applied at intervals 
to the plots to ensure a succession of flushes of grass. By the application of these 
arable methods to grassland, it is claimed that not only do the stock secure the her¬ 
bage in a young and highly nutritious condition, but that the carrying capacity of 
a pasture may be doubled or even trebled. As a result of the early application of 
nitrogen, the grass makes sufficient growth for the stock to be turned out by the 
middle of March, this ‘ early bite’ leading to a considerable reduction in the expen¬ 
diture on concentrated foods. 

The use of nitrogenous fertilisers on pastures provides the farmer with a method 
for converting a cheap form of nitrogen into valuable and highly digestible protein. 
The processes which occur during the growth of the grass, however, demand that the 
herbage should be held in check by efficient grazing if its high feeding value is to be 
retained. The intensive production of grass by the aid of fertilisers requires, there¬ 
fore, the possession of a sufficient head of stock to keep the pastures closely and uni¬ 
formly grazed. Unfortunately, many farmers at the present time lack’ the capital for 
purchasing the extra stock required for this purpose. The alternative, however, is 
to carry on with the usual number of animals and to reserve the tuiplus grass for 
cutting at periodic intervals, such mown grass to be preserved for winter feeding as 
a source of digestible protein. 
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Conservation or the Produce op Pastures, 

With the recognition of the protein-concentrated character of young leaf 
pasturage, it was but natural that suggestions should be put foiwaul for the 
conservation of the surplus produce of pastures for feeding during winter as a 
protein concentrate. When publishing the results of the earlier Cambridge trials, 
the writer ventured to make the following prediction: ‘A futuie guieiation may 
witness the utilisation of large areas of giassland for the tole jurj ae of ] ndi cticn 
of protein concentrate. Pastures, having the appearance of vast lawns, may be cut 
over regularly and frequently throughout the growing season, the nutritious, protein- 
rich produce being preserved for feeding ! to animals in winter confinement, along 
with balancing home-grown feeding stuffs like meadow hay, cereals and roots* The 
mode of preservation may either be artificial drying, followed by pressing into 
cakes or grinding to the roughly powdered form, or it may consist in ensiling the 
freshly cut grass \ 

During the 1927 season, Imperial Chemical Industries, Ltd., collaborating with 
the School of Agriculture, undertook the systematic cutting of some acres of grass¬ 
land in the vicinity of their factory at Billingham. The cutting was so regulated 
that the herbage was always taken in its young leafy condition. Soon after cutting 
the grass was dried down in steam-heated troughs, and later the dried product was 
colnpresscd into cakes by hydraulic presses. These dried grass cakes measured 6 
inches by 5 inches by 1 inch, and were of such a density that 40 cubic feet of the 
compressed material weighed 1 ton. They had kept the green colour of the frebh 
grass and had a pleasant fragrant smell. They contained 8 per cent, moisture and 
^5 per cent, of protein. When moistened with water, they swelled up considera¬ 
bly and disintegrated. Sheep, bullocks and dairy cows ate them eagerly, both in 
their dry and soaked conditions. It is of interest to record that samples of these 
dried grass cakes have been kept for more than 2 years in an open box under labora¬ 
tory conditions without displaying any deterioration whatsoever in respect of colour 
and smell. Their moisture content is still in the neighbourhood of 8 per cent. 

Critical feeding tests on these dried grass cakes were made at Cambridge, and 
two main conclusions were drawn : (1) The process of drying does not in any way 
impair the high nutritive properties of the fresh grass. (2) The dried grass cakes 
can successfully replace oil cakes in the winter rations of dairy cows and fattening 
bullocks. It is permissible to hope, therefore, that dried grass cakes will shortly 
find their way on to the agricultural market and be used as a substitute for oil cakes 
in the winter rations of farm animals. The problem of devising suitable appliances 
for cutting and drying down young grass is being studied by Imperial Chemical 
Industries, Ltd., who are looking forward to placing the process on a commercial 
footing during the season of 1930, 



436 


AORICtfLftfRJi AUD UVS-StOCk 1X tNttA 


n*r 

The advantages of such a side-line in grassland husbandry are manifold: (1) 
Dried grass cake is an almost ideal concentrated food for farm stock. It is highly 
digestible and is rich in protein, lime, potash, phosphate, vitamins and plant 
pigments. Pasture grass conservation implies a 12, instead of a 5 months’ pasture 
season. (2) On' the basis of the 1928 winter prices, 1 ton of dried grass cake would 
be worth £9 16s. for its feeding value alone. It would also have a high manurial 
value of about 27s. per ton, compared with linseed cake at 31s. and maize meal at 
11s. per ton. (3) The advantages of such a system of grass conservation during war 
time are so obvious as to need no emphasis. During the Great War, one of the 
most acute problems was to find protein concentrates for farm animals. This 
difficulty need never arise again, since now it is recognised that the farmer’s best 
protein-concentrated food can be grown on his own farm. Further, the system 
enables the cuttings from playing fields and sports fields to be usefully conserved. 
(4) Grass conservation should prove an incalculable boon to droughty parts of the 
Empire like Australia, where the herbage shrivels away to nothing during bad 
seasons, and thousands of sheep perish miserably. Why should not the irrigation 
areas of Australia be used for the intensive growth of young grass to be continually 
dried and pressed into cakes for transport to the less fortunate droughty regions ? 
Grass cakes will keep for years and are an ideal form for storage and transport. 
The day may be envisaged when they will be transported between colony and colony 
and favoured regions will produce them for transport to the more needy parts of the 
Empire. (5) By grass conservation it will be possible to augment very considerably 
the available supplies of concentrated feeding stuffs, the shortage of which at present 
not only prevents the attainment of an all-round standard of intensive animal 
husbandry in Great Britain, but also causes the high prices ruling for oil calces and 
cereal foods. 

It is clear that the artificial drying of young grass must always remain an 
industrial, or semi-industrial process. For that reason, the method of ensilage is 
likely to make a more direct appeal to the farmer. It is of interest to record that 
satisfactory tests have been carried out in this connection at Cambridge. Three 
small silos were filled respectively with grass cuttings from certain college playing 
fields; with a mixture of grass cuttings and dried sugar beet pulp ; with a mixture 
of grass cuttings and oat Btraw chaff. The results were satisfactory in every case, 
the silage being readily eaten by stock. This side of the problem of grass conserva¬ 
tion, however, is being studied further at the present time. 

The Yield ox Pastures. 

A third investigation carried out at Cambridge during 1927 showed that the 
differences in chemical composition, both organic and inorganic, between grass out at 
weekly and fortnightly intervals are inconsiderable. The dry matter of grass grown 
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under a system of fortnightly cutting is a protein concentrate equal in digestibility 
and nutritive value to that obtained by weekly outting. Moreover, by systematic 
cutting at fortnightly intervals, these characteristics are retained over the entire 
season. 

During the season of 1928, the work was carried a stage further by the adop¬ 
tion of a system of cutting at intervals of 3 weeks. Though the herbage obtained 
under this more lenient system of cutting was somewhat less rich in digestible 
protein, it was nevertheless equal in respect of digestibility and nutritive value to 
grass grown under systems of weekly or fortnightly cutting. At the end of three 
weeks' unchecked growth, pasture grass still consists of non-lignified, highly diges¬ 
tible tissue as at the end of a week's or of a fortnight’s growth. Although the 
protein content of the grass shows a slight falling off during the third week of 
growth, this is unaccompanied by any corresponding diminution in digestibility. It 
was further demonstrated that the depressing influence of drought on the protein 
content and digestibility of pasture grass is much less marked under a system of 
3-weekly cutting than under the severer system of cutting every week. 

During the carrying out of the 1927 investigation, it was found that if adjoin¬ 
ing plots on a pasture be cut at weekly and fortnightly intervals respectively, then 
the plot cut fortnightly yields somewhat more heavily than the plot cut every 
week. Further, this disparity in productivity becomes most marked at those times 
of the season when the conditions f_>r growth are most unfavourable, as, for 
instance during a spell of droughty weather. Since the weather conditions of 1928 
were, on the whole, unfavourable to the abundant growth of herbage on pasture 
(owing to droughty conditions which prevailed during April, July and September), 
it would be anticipated that the yields from the plots submitted respectively to 
weekly, fortnightly and 3-weekly systems of cutting would display unusually 
striking differences. That this was actually the case is made clear by the accom¬ 
panying table, in which a comparison is given of the total yields of herbage, in dry 
matter per acre, which were obtained in 1928 from the respective pasture plots. 
The yields from the Bame pasture under the conditions of the 1925 and 1927 in¬ 
vestigations are also given. 


Summary of total yields from pasture plot in three different seasons of experiment. 


13th April to beginning of October. 

Dry matter 
per acre lb. 

Dry matter 
per acre lb. 

Dry matter 
per acre lb. 


1925 

1927 

1928 

Weekly oatting. 

2,833 

* # • » 

1,982 

Fortnightly outting • • • • • 

Three-weakly. 

• • t • 

♦ ♦ • e 

3,621 

2,562 

3,216 
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It will be noted that under the weather conditions of the grazing season of 
1928, cutting at fortnightly intervals produced 29*3 per cent, more dry matter than 
was obtained under a system of weekly cuts, whilst the yield obtained by cutting 
at 3-weekly intervals was 62'3 per cent, greater than that obtained by weekly 
costing and 25*5 percent, greater than that grown under a fortnightly cutting 
system. Since there is little or no difference, from the standpoint of starch equi¬ 
valent, between pasture herbage grown under systems of weekly, fortnightly and 
3-weekly cuts, the yield differences under tho 3 systems arc possessed of great 
practical significance. A system of weekly cutting is comparable with the system 
of grazing where it is the custom of the grazier to regulate the stocking of bis 
sheep-grazing land in such a manner as to keep the herbage uniformly grazed down 
throughout the grasB season. If the herbage shows any tendency to grow beyond 
the very young stage, more sheep are introduced to hold it in check. This practice 
may be referred to, for convenience, as ‘ non-rotational close grazing’. On the 
other hand, a system of 3-weekly cuts may be taken as conforming with the 
conditions of rotational grazing, where the interval between successive dose- 
grazing of enclosures is of 3 weeks’ duration. It will be convenient, for the 
purposes of the present discussion, to refer to such a system as a * 3 weeks’ 
rotational dose-grazing system.’ 

The yield results bring to light an important advantage which * rotational 
close-grazing’ possesses over a system of * non-rotational close-grazing’. If the 
pasture, on which these investigations have been carried out, had been so stocked 
during 1928 that the herbage was kept closely and uniformly grazed down through¬ 
out the season, then it would have produced herbage, for the sustenance of the 
animals, at the rate of about 1,980-lb. of dry matter per acre over the seasoh. If, 
on the other hand, the tract of grass has been divided up into smaller areas in suoh 
a way that each enclosure, after being closely grazed by stock, was permitted a 3- 
weeks’ interval of unchecked growth before being grazed down again, the pasture 
would have produced herbage at the rate of 3,220-lb. of dry matter per acre 
over the season. In other words, the stook-carrying capacity of such unfertilised 
pasture would have been increased in the ratio of 198:322 (*.«., roughly 2: 3). This 
measure of improvement naturally applied only to the pasture under investigation, 
under the weather conditions of 1928, and would probably not be so marked in a 
season more favourable to the abundant growth of herbage. Obviously, the 
question of the maximum yield of digestible food from a pasture is bound up with 
the investigation of the process of lignification in the herbage, since it is reasonable 
to assume that the conditions for such maximum yield will be realised when the 
intervals between successive cuttings, or grazings, is as long as possible. The 
length of this interval will naturally depend on the time required by tho young 



PASTURE! RESEARCH IN OR EAT BRITAIN 


439 


shoots of gnus to reach the stage of growth at which lignification, with consequent 
running-off of digestibility, sets in. 

The yield data possess further practical significance in relation to the pro¬ 
posals which have been put forward for conserving pasture herbage. Before 
adopting such proposals, it would be necessary to decide the frequency with which 
the grass should be out during the growing season. From the standpoints of 
digestibility and starch equivalent, it is immaterial whether the herbage is cut at 
weekly, fortnightly or 3-weekly intervals. Under the 3-weekly system, however, 
the season's yield of herbage will be greater than will be obtained by cutting at 
shorter intervals, and the difference will bo accentuated during seasons when the 
conditions are not favourable to growth of grass. In regard to protein content, 
the average figure, on the dry matter basis, for weekly-cut grass will be about 
535 per cent., that for fortnightly-cut grass about 23-5 per cent., and that for 3- 
weekly-cut grass about 21 per cent. It is hoped to secure similar information 
concerning grass cut at monthly intervals during tho 1929 season. 

The data from these investigations also serve to demonstrate the ‘primary im- 
jiortancc of the influence of the general weather conditions of the season (in parti¬ 
cular, those of tainfall) on the growth of pasturage. Within the limits of the 
systems of cutting which have bo far been investigated, it is clear that unfavourable 
meteorological conditions in a particular season may lead not merely to a much 
smaller growth of glass than would be obtained, under the same system of cutting, 
in a mote favourable year, but may actually cause the yield under a lenient system 
of cutting to the smaller, instead of larger, than under a less lenient system of cut¬ 
ting during a more favourable season. 

l 

Supplementary Feeding on Pastures. 

Certain very important consequences follow from the richness of young pasture 
grass in respect of digestible protein. Under conditions of intensive grazing, pas¬ 
ture herbage constitutes an unbalanced food for all classes of live-stock, not only 
for fattening animals, but also for classes of stock which make considerable de¬ 
mands for digestible protein in their xations, namely, young growing stock and dairy 
cattle. One or two examples will serve to make this point dear. 

A ration of young spring grass containing 30-lb. of dry matter (that is, the 
amount of dry matter usually assumed to be the measure of the appetite of a 12 
cwt. dairy cow) will supply, on the basis of the Cambridge figures, sufficient diges¬ 
tible protein to satisfy the requirements of a dairy animal yielding as much as 9 
gallons of milk per day. 
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It may be assumed that the ideal ration for a young animal going out on to pas¬ 
ture will be one which approximates most closely to milk in respect of nutritive 
ratio and lime-phosphate ratio. The Cambridge results show that such a ration is 
obtained when 9 parts of fresh young pasture herbage are mixed with 1 part by 
weight of maize meal. 

A fattening sheep of about 120-lb. live weight requires no more than J lb. of 
digestible protein in its daily ration. Such an animal, when grazing freely on young 
spring pasturage will consume rather less than 4-lb. of dry matter per day, includ¬ 
ing, according to the Cambridge data, about ^ lb. of digestible protein. In other 
words, the animal is receiving more than three times the amount of digestible pro¬ 
tein requisite for its maintenance and production purposes. 

It follows, therefore, that the time-honoured practice of using linseed cake, 
cotton cake or other protein concentrates as supplementary food for pasturing stock 
is not in accord with the results of the Cambridge investigations. On well-managed 
pasture, animals should receive, as supplementary food, feeding stuffs which are 
rich in carbohydrate and poor in protein, such as maize, flaked maize, maize germ 
cubes, barley, wheat, locust bean meal, sugar beet pulp, meadow hay, etc. Indeed, 
it appears justifiable to conclude that the optimum results are not possible on 
closely grazed pasturage with any class of stock, young growing stock, dairy cattle 
and fattening animals alike, unless such animals are receiving, at all stages of the 
season some supplementary food which is richer in carbohydrate. 

Minerals in Pastures. 

The Cambridge investigations have amply demonstrated that young leafy pas¬ 
turage is capable, in itself, of supplying the requirements of farm animals for*bone 
and milk-forming minerals. In dealing with the problems of the nutrition of 
animals on cultiva'ed pastures, the question of mineral deficiency can rarely arise. 
With the exception of milk, no feeding stuff on the farm is better balanced in res¬ 
pect of minerals than pasture grass. There are, however, vast tracts of uncultivated 
pasture in the British Isles and throughout the Empire where this statement is by 
no means true. Our knowledge of the occurrence of mineral deficiency in the her¬ 
bage of such wide-spread pastoral areas has been brought together in a recent pub¬ 
lication (“ Minerals in Pastures ”, J. B. Orr, 1929. H. K. Lewis & Co., Ltd., London). 
This treatise is primarily the outcome of the deliberations of a sub-committee 
appointed in 1926 by the Civil Besearch Committee of the Cabinet to consider and 
report on the relationship between the mineral content of pastures and their nutri¬ 
tive value. From the initial enquiries instituted by the Bub-oommittee, it was 
evident that malnutrition in oattle and sheep arising from deficiency of mineral in 
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grass was quite common in many pastoial districts of the Empire, and that the 
subject, which was of great economic significance, warranted close and systematic 
investigation. 

A report to this effect was duly forwarded to the Civil Research Committee, on 
whose further recommendation grants were made by the Empire Marketing Board 
in aid of a comprehensive scheme of investigations into the mineral aspects of 
pastures, within the Empire. A twofold scheme of work was adopted, actual inves¬ 
tigations in selected grassland areas being supplemented by a detailed search of 
the literature dealing with every phase of the subject. Major Elliot Btates in the 
preface to the volume: “ At the request of the sub-committee the information so 
far obtained has been brought together by Dr. Orr in the present review, with the 
object of having it circulated to various officials and research workers throughout 
the Empire who are interested in the subject 

Beginning with an explanation of the economic importance of grassland, the 
author passes on to trace the development of scientific methods for investigating 
the problems of pastures. This is followed by a minute survey of the results of 
many investigations into the mineral composition of both good and poor pastures 
in the British Isles and in various parts of the world. The factors which affect the 
mineral content of pastures are also considered in the light of present knowledge. 
Dr. Orr then proceeds to deal with various forms of disease which are attributable 
to deficiency of minerals in pasture herbage. The deficiency diseases of grazing 
animals in Europe, Africa, Australasia, America and Asia are described in separate 
chapters, and the results of investigations into the causes of such diseases are sum¬ 
marised and critically discussed. A further chapter treats of the prevention of 
deficiency diseases of pasturing stock, either by the direct administration to the 
animal of the deficient minerals or by the enrichment of the pastures through the 
application of mineral fertilisers to the soil. It is shown that the prevention of 
disease by these measures also leads to an increased rate of growth in animals and 
to an increased production in adult females. 

The question may be raised, however, as to whether the failure of animals to 
thrive on these deficient pastoral areas may not frequently be due as much to the 
energy-deficient character of the herbage as to its deficiency in minerals. The starch 
value of such herbage may be so low that animals, even when consuming it to the 
limit of appetite, may not be able to secure sufficient net energy to permit of 
normal development. This aspect of the problem is being investigated at Cam¬ 
bridge at the present time, 
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Introduction. 

The pathological significance of species of nematodes occurring in domostic birds 
has been emphasized to a considerable extent, but in most instances the subject has 
been regarded from the point of view of a particular parasite and its specific patho- 
genecity. It seems worth while to look at the problem from the opposite point of 
view, with the pathological condition as a primary consideration, and 1o assemble the 
individual reports of specific action of nematodes according to the effect produced. 
In this manner one may gain an idea of the variety of deleterious effects which have 
been ascribed to the presence of nematodes, and of the species of nematodes which 
have been reported as associated with such conditions. Upon finding a pathological 
condition in a domestic bird one may then be better able to judge of the possibility 
of its being of parasitic origin. 

Striking clinical symptoms. 

Certain clinical symptoms or other external ante-mortem changes have *been 
described as caused by nematodes, the most important of which are given in the 
following paragraphs :— 


Injury to Eyes. 

Injury to the eyes of domestic fowls iB by its nature one of the most striking 
and most easily discernible of these conditions. Inflammation of varying intensity, 
at times so severe as to cause blindness and in some cases even complete destruction 
of the eyeball, may result from infestation with Manson’s eye worm, Oxyspirura 
mansoni in the chicken. Similar damage is produoed by Oxyspirura parvovum, the 
species found in chickens in Australia. Kobayashi (9)* has made a microscopical 


* Numbers in parenthesis refer to “Literature cited”, p. 448 

( 442 ) 


PATHOLOGICAL CONDITIONS OP NEMATODES IN POULTRY 


443 


study of the pathology of Oxyspirura mansoni and finds that the papillae and fol¬ 
licles on the nictitating membrane, are remarkably increased, pathological changes 
being present which are somewhat similar to those seen in trachoma. An eye symp¬ 
tom of a different sort is the loss of pigmentation of the iris of pigeons, which 
has been noted as one of the most marked features associated with severe infesta¬ 
tions with Dispharynx spiralis , which is located in the glandular stomach. 

Respiratory Changes. 

Change in the rate of breathing in fowls is also an easily noted condition. 
Dyspnea and finally asphyxiation result directly from the presence of gapeworms 
in the traches and bronchi; Syngamus trachea may cause such symptoms in 
chickens, pheasants, and quail, resulting in the death of the birds; a similar effect 
is produced in domestic geese and domestic ducks by Cyathosloma bronchicdis. In 
addition, this clinical effect is said to result indirectly from infestation of the 
crop of ducks with Capillaria contorla, the distended crop compressing the pneurao- 
gastric nerve, with interference of breathing and resulting asphyxiation. Difficult 
breathing is also described as a symptom of infestation of the gizzard of geese and 
ducks with Amidostomnm anseris. 

Clinical effects of a chronic nature. 

Cachexia, anemia, and general toxic effects. 

Cachexia, including emaciation, anemia, and general toxic effects, has been de¬ 
scribed as caused by a considerable number of nematodes. As regards gapeworms, 
#S 'yngamus trachea chiefly in chickens and pheasants, and occasionally in the turkey, 
and Cyalhosfoma in domestic geese and ducks, are said to have this effect. Worm 
infestations of the upper digestive tract, as Capillaria annnlata in the esophagus of 
turkeys and chickens, and Capilaria contorla in the esophagus of ducks, and also 
infestations of the stomach, as with Dispharynx spiralis, Sfreplocara poclinifera, 
and Cheilospirura hamvlosa in chickens, and Amidostomnm anseris in domestic 
geese and ducks react similarly on the health of the bird. Intestinal worms, as 
Hartertia gaUtnarvm in the chicken ; species of Ascaridia, as Amidostomnm c olum- 
has in the pigeon, and Amidostomnm lineala in the chicken, and species of Capillaria, 
as Capillaria retusa in the chicken, and Capillaria colmrihw in the pigeon and 
chicken, have also been reported as producing this condition. 

Paralysis or Marked Inco-ordination. 

Symptoms of paralysis and marked inco-ordination are reported as associated 
with Capillaria contorta in the duck, and with Capillaria retusa and Ascaxdia gdlli 
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in the chicken; in the last case the paresis in one outbreak, reported by Rovis (12), 
completely clearing up when large numbers of Ascaridia galli were removed by 
treatment. Drooping wings and ruffled feathers, with increasing weakness which 
gives the appearance of paralysis, are described by Ackert and Herrick (3) in chicks 
experimentally parasitized with Ascardia lineata, these symptoms being caused by 
loss of blood, impaired appetite, and a decided retardation of mascular and osteo¬ 
logies! development. 


Effects on Appetite. 

The appetite is said not to be affected by Streptoeara pectinifera in chickens; it 
is described as greatly increased by Dispharynx nasula in chickens, and by Dispharynx 
spiralis in chickens and pigeons, the birds eating ravenously up to the time'of their 
deaths. On the other hand, loss of appetite is observed in connection with infesta¬ 
tions with the eye worm, Oxyspirura mansom ; with gapeworms, Syngamus trachea 
and Cyathostoma bronchialis with Ascaridia lineata of chickenB and Ascaridia columbce 
of pigeons; with capillarids of the crop, Cyathostoma contorta of ducks and 
Cyathostoma annulate of chickens and turkeys ; and with stomach worms, Tetrameres 
jissispina of ducks and chikens, and Amidostomum anseris of ducks and geese. In 
Ascaridia lineata infestations, the appetites of the chicks, which during the early 
stage of the disease, are greatly reduced, later become voracious if the chickB 
survive. 

Diarrhoea. 

Diarrhoea is said to result from Tetrameres Jissispina in the glandular stomach 
of ducks and chickens, the food not disgesting, and an excess of bile, the secre¬ 
tion of which is stimulated, producing a greenish diarrhoea ; in addition, diarrhoea 
in chickens may be caused by HeleraJds gallince and by Strongyloides avium in the 
ceca. 


Pathological changes due to nematodes. 

Pathological changes which are revealed at postmortem examination are of 
varied nature and include the following:— 

Inflammation of Digestive Tract. 

In the esophagus, both dilated and undilated portions, local lesions in the form 
of burrows, surrounded by areas of slight inflammation, may be caused by Gongy- 
lonema ingluvicola in chickens, by Capillatia annulate in chickens, turkeys, and 
quail, and by CapiUaria contorta in ducks ; in the case of capillarid infestations the 
inflammation may beccme very severe with thiclening of the wall as the mucosa 
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becomes catarrhal and later croupous, with sloughing off of the membrane. In the 
glandular stomach a catarrhal condition with thickening of the wall may be caused 
by Dispharynx spiralis in chickens and pigeons; by Lispharynx nasuta, Tetrameres 
fissispina and Tetrameres americana in chickens ; and by Amidostomum anseris and 
Echtnuria unoinata in domestic waterfowl. The lining of the gizzard may be des¬ 
troyed and the muscular wall invaded by Amidostomum anseris in water birds, and 
by Cheilospirura hamulosa and Streptocara peclinifera in chickens. 

An enteritis, at times severe, may be caused by species of Capillaria ( Cheilos¬ 
pirura meleagris-gallopavo and Cheilospirura retusa in chickens and turkeys, Cheilos¬ 
pirura columbcB in chickens and pigeons, and Cheilospirura collate in chickens); by 
species of Ascatidia ( Amidostomum gdlli and Amidostomum lineata in chickens, and 
Amidostomum columbat in pigeons); and by Hartertia gallinarum in chickens, all in 
the Bmall intestine. Severe and sometimes fatal cases of typhlitis are reported as 
caused by Heterahis gallince and Strongylotdes avium in chickens. In the majority, 
if not in all, of these parasitic infestations of the digestive tract there is more or 
less tissue invasion at some time in the life history. The immature forms of 
Ascaridia lineata have been shown by Ackert to bury their heads deeply in the 
intestinal wall, with resultant destruction of the intestinal glands from the tenth to 
the seventeenth day after the infection is acquired by the chick, the worms there¬ 
after withdrawing to the lumen. Heterahis gallince invades the mucosa of the ceca 
in a similar manner in the early stages. In other cases, as with Strongyloides avium 
in the ceca, with species of Capillaria in the small intestine, and with Dispharynx 
spirali in the glandular stomach, the adults are to be found in close association with 
the mucosa, although not actually burrowing to the extent that the species of 
Capillaria in the esophagus or the species of gizzard worms burrow in the wall. 

Nodule or Tumour Formation. 

Invasion of the wall of the digestive tract may lead to the formation of nodules 
or tumours. The larvae of Heterahis berampuria wore found by Schwartz (12) in 
the Philippines to cause a nodular disease of the ceca; both larvae and adults of 
Heterahis isolonche act similarly in pheasants. 

Bedel (6) has reported ver min ous nodules in the liver and intestinal walls in 
connection with Ascaridia columbce in the pigeon. Itagaki (8) describes a severe 
nodular disease of the intestines of chickens which is of comparatively common 
occurrence in Japan in winter and mid-summer, and is caused by the lame of what 
he calls A. perspiciUum (probably A. lineata or A. galli) which penetrate the wall 
of the intestine during those seasons that are considered adverse for parasitic 
development; in spring and autumn the larvae do pot penetrate the wall. In 

S? 



446 


AGRICULTURE ANT) LIVE-STOCK IN INDIA 


[I, IV. 


waterfowl more pronounced nodules, or in severe cases actual tumours are produced 
in the esophagus and stomachs by Echinuria jvgadomaia by E. uticinala, by 
Eystrichis tricolor, and by Eustrongylides mergorum. An increased tendency to the 
formation of neoplasms has been noted by Baker and his co-workers (5) in chickens 
which have survived the acute stage of infestations with A. lineala and H. gaUince. 

Stenosis ( constriction ). 

Stenosis may follow from severe inflammatory reactions or from nodules or 
tumours in the walls of the digestive tract, and the nematodes previously listed as 
associated with such conditions may, therefore, be the cause of stenosis. 

Impaction or Occlusion. 

Impaction or occlusion may result from the presence of parasitic nematodes. 
Occlusion of the bronchi and trachea of chickens may be caused by Sytigamns 
trachea, and o.‘ waterfowl by Cyathostoma bronchialis. The nasal passages of 
chickens may bo occluded by Oxyspirura mansard. This nematode is sometimes 
present in largo numbers, Niles (cited by Ransom, 10) having seen as many as 200 
worms in one chicken in Florida. Intestinal impaction may be caused in chickens 
by Ascaridia lincata or by A. gaUi instances of heavy infestations being com¬ 
paratively common, and in pigeons by A. cohmber, of which up to 500 specimens 
have been found in one bird. 


Rupture. 

Rupture of an organ as a result of the presence of nematodes has been described 
with reference to the gizzards of chickens parasitized with Cheilospirura hamulosa. 
Le Roux (11) states that this nematode, which was present- in more than 50 per 
cent, of the chickens examined by him in South Africa, may weaken th5 wall to 
such an extent as to cause it to rupture, with ultimate formation of a sac. The sac, 
gradually filling with ingesta forced into it by the muscular contractions of the 
gizzard, may finally occupy the whole of the abdomen. 

Ilemorrkagc and other Damage to Circulatory System. 

Hemorrhage is an additional damage which may be caused by nematodes. 
During the period of the invasion of tho intestinal wall by the young forms of 
Ascaridia lincata, Ackert and TIerrick (3) found evidence of blood in the feces. 
Puuctiform hemorrhages of the intestine of pigeons aTe found in caseB of A. cob mhos 
infestation. In chickens, Capillaria collare, and in turkeys, C. meledgris-gallopavo 
are reported as causing small hemorrhages of tho intestine. Specimens of Orni- 
thostrorigylus qvadriradiatus when collected from the intestine of the pigeon are 
bright red from the ingestion of blood, and tho intestinal contents of the bird 
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contain abundant erythrocytes. Evidence of hemorrhage is clearly present in 
Amidosiomum anseris infestations of waterfowl, the necrotic tissue of the walls 
of the upper digestive tract, especially of the gizzard, boing stained with blood 
pigment. 

The caTdio-vascular system has been shown to be affected by infestations with 
nematodes. Baker and lus co-workers (5) report marked distention of the vessels 
of the parenchymatous organs and a noticeable enlargement of the heart in connec¬ 
tion with experimentally produced cases of Asoaridia lineafa and Heterakis gallinw 
in chickens. 

Obscure Physiological Changes . 

Changes of a more obscure nature, which may be caused by nematodes, include 
injury to the thymus gland, which Ackert (2) has noted in connection with Ascaridia 
lineafa , the gland in infected chickens of 2 to 3 months of age averaging less than 
half the weight of the gland in uninfected chickens of the same age. Seduction of 
the sugar content of the blood is another highly significant change which has been 
noted by Ackert and Titus (4) as accompanying infestation with this nematode. 

A deposit of urates in the ureters and in and upon the pericardium and myo¬ 
cardium also may result from A^aridia lineafa and Ilelerakis gallinw infestations. 

Secondary Infections a«? Results of Nematode Activity . 

Lastly, nematodes may make possible other infections in poultry. Worms 
which injure the intestinal tract may open the way for BaeiUus coli, definite evidence 
of which was obtained in the study of the disease known as strongylosis, caused by 
Trichostrongylus pergraciUs in grouse in England. In cases in which large numbers 
of the nematodes were present in the coca, with chronic inflammation of the walls, 
B. coli was demonstrable in the liver, lungs, and other organs. The damage to the 
lungs caused by gapeworms in chickens and water birds may incite secondary infec¬ 
tions resulting in pneumonia. The Oklahoma Agricultural Experiment Station 
(7) has reported a fatal pneumonia as resulting from large numbers of larva) of 
Ascaridia lineafa in chickens, but as other workers have failed to find migration 
of such larva) from the intestine, the case appears to have been exceptional and 
requires confirmation. Introduction of another parasite by a species of nematode 
is illustrated by the transmission of the organisms of blackhead through the eggs, 
of the cecum worm, Heterakis gallin&j of poultry. 

Summary. 

A brief review of the instances of reported pathogenicity of the nematodes of 
poultry indicates a wide range oE pathological conditions which may result from 
puch parasitism. Gross examination of living birds may show the eyes directly or 
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indirectly affected by parasitic nematodes ; clinical symptoms of internal parasitism 
include dyspnea and asphyxiation, a chronic condition of cachexia, emaciation, or 
retardation of growth, and anemia, deranged appetite, diarrhoea, and paralysis or 
muscular inco-ordination. Pathological changes which have been observed include 
inflammation of the various parts of the digestive tract, formation of nodules or of 
tumours, stenosis, impaction or occlusion, rupture, production of hemorrhages, 
changes in the cardio-vascular eystem, deposit of urates, injury to the thymus 
gland, reduction of sugar content of the blood, and the facilitating of the entry of 
other infections. The species of nematodes which are reported as causing these 
conditions represent various taxonomic groups, so there is no evidence that a patho¬ 
logical significance is restricted to any one group. Critical study, such as Ackert 
and his co-workers have given to Ascaridia lineata , with the effects of experimen¬ 
tally produced infestation compared with control, that is, non-parasitized cases, is 
highly desirable in order that the subject may be further clarified. 
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On the Nature of the Reactions responsible for Boil Acidity—Part I. On the 
Nitration Curves of Acid C ay. Jnanendbanath Mukhbbjee and Hibbndba 
Kumab Sen. (Indian J. of Agrio. 1.189, 

The concept of a colloidal acid as usually formulated (op. Bradfield (1923), J. Am. Chem. 
Soc. p 45, 1243, 2669) appears to suffer from some limitations common to theories which treat 
colloids as ordinary electrolytes. The implications of such theories have been briefly referred to 
and the difficulties in interpreting the titration carves of systems in which the interface take** 
part have been investigated with reference to some simple systems. Titration curves of 
saturated solutions of cinnamic, isophthalic and p-toluic acids both in presence and absence of 
excess of the solid phase and for different times of interaction with the alkali have been given. 
Titration curves of aluminium hydroxide soils~are also given. The part played by traces of elec¬ 
trolytes in their behaviour and in interpretation of titration curves have been pointed out. [J. M. 
^/andH.K.SJ 

Statistical Studies in Indian Dairy Cattle, I. Standardisation of Lactation period 
milk records. Lal Chand Sikka.. ( Ind . Vet. /Science and Animal Husbandry , 

1, 63.) 

1. The problems of Indian dairy cattle are highly complex and their solution bristles with 
difficulties. Measured by European standards, Indian dairy cattle are no doubt inefficient and 
uneconomical, but they possess qualities which make them unquestionably the Lest tropical 
cattle in the world, and the best way of solving the Indian cattle problem is to improve them 
without sacrificing their desirable qualities. The most hopeful line of their improvement is to 
establish, maintain, and breed herds of the best Indian breeds, and eliminate from them by selec* 
tion and rejection all cattle below a fixed standard. 

2. The process of selection, however, is by no means simple. To select for milk production 
for instance, one has to know the true milking capabilities of the animals. This means the 
“standardisation” of their milk yields to a cominou basis by eliminating from them the effect 
of varying environmental factors like season of the year, service ]>eriod, age, and dry* period, 
which affect them. A statistical study of the milk record of the puro Indian (Sahiwal) and 
cross-bred cows maintained by Go\ eminent, Military and other dairy farms was conducted to 
study the effect of fust three of these environmental factors on the lactation-milk yield of a 
cow. 

3. Taking normal lactation period milk records, tlio following results weic obtained 

(i) Pure-bred Sahiwals calvo at intervals of about 13J mouths, of which they are dry 
for 120 days. Thus about 30 per cent, of their life is useless. This is very high 
as compared with the dry period of foreign cows w hich is only half as much. 

(it) l>ue probably to the excellent system of herd management, the season of the year 
does not seem to have any great effect on total lactation yields. 

Hi) Service period is a very potent factor in determining the lactation yield, as it effects 
the length of the lactation. A short one decreases it and a long one increases it. 

( *49 ) 
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(it) Regarding age, ilie lactation milk yield at find increaaea at a decreasing late with 
the increase of ago till the ago of maximum productivity, and thereafter it decreases 
at an increasing rate with advance in age. 

(t>) For pure-bred Sahiwals the actual age of maximum yield in roughly 3rd-4th 
lactation period, as against the Gth for foreign ones and 8th for Fusa cross-breda. 

(w) Whereas foreign cows and Pusa cross-bicds show an increase of 30-40 p* r cen f* 
in the milk yield over the first lactation >ield up to the ago of maximum productivity, 
the best average pure-bred Indians increase only by 10 per cent, approximately. 

4. The investigation can not be considered to be final, but it proves tho poor milking quali¬ 
fies of Indian cows and tho highly efficient nature of cross-breds as milk producers. Whether 
the immediate solution of the urban milk-supply problem lests with pure Indian breeds or cross¬ 
breds is too obviouB to be emphasised. [L. C. S.J 

Practical Feeding Tables for Dairy Cattle m India. Captain (\ E. Macguckin. 

(Ind . J. of Vet . Sc. and Animal Husbandry, 1, 124.) 

These fables are designed to meet the many (hanging fmtois in Tec ding dairy cattle in India, 
with the minimum amount of calculation. They aie band on the assumption that in normal 
feeding practice the most consistent factor is the comenirate mixtuie. The quantity of concen¬ 
trate mixture to feed has therefore Wen worked out in a suits oi bibbs to compensate ioi the 
other variables not so easily control led. [C. K. M.J 

Sericulture in Iraq. 1). 1). Patfrbon. ( Dept. Agri . Iraq At emoir No. 14, 1930) 

Silk-rearing has Wen practised m Iraq for many > cars, but the industiy lias doc lined x cry greatly 
within recent years. Willi the idea of re-establishing it on more modim lines losearch woik 
in Bericulture was entrusted to the Agricultural Department, Iraq, in 1922. 

Experiments to discover the most suitable \ariety of silkwonus for Ituq were started at 
Daquba, wdiere two doyen varieties were tested foi the purpose from 1922 to 1925. The experi¬ 
ments were not a success, laigoly duo to the lack of propel rutting accommodation and equip¬ 
ment. Consequently in September 1925 an efficient Silk Keseauh Station was established at 
Kustam. 

Inbreeding experiments with the local silkworm strains were started in 1926, but had ulti¬ 
mately to W abandoned as an unfruitful line of research. Experiments with imported varieties 
of silkworms were also undertaken, and as a result of four years’ work “Baghdad White,” a 
strain imported from Marseilles, was found to be the best for rearing in different Liwas of Iraq. 
The local strains proved to be definitely inferior to many of the imjiortod varieties. 

Careful records as to dates of hatching, number of feeds, length of life-cyclo and of quan¬ 
tity and quality tests of the different varieties experimented with have been kept for comparative 
purposes. 

The incidence of silkworm diseases at Kustam has been, for all practical purposes, eradicated. 
The percentage of diseased worms in the districts has also been reduced. 

It has been proved profitable to export cocoons for reeling to other countries provided tho 
quality of cocoons sent is reasonably good. It has also been shown that rearing, reeling and 
weaving are profitable operations provided they are carried out locally, and there is a norma Jmarket 
demand for the produce. 
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Weaving experiments at Rustam showed that it wa« possible to w cave various marketable 
types of silk cloth on the local hand-looni, and suitable* grades of cloth for the modern market in 
Baghdad were also recommended. 

Comparative tests_with tlie different available strains of mulberry trees proved the N&rinji 
Khafif Aby&dh (Male) variety to bo most suitable for silk rearing. An orchard of an early 
loafing type of mulberry tree a as also planted, and it served as a useful source of cuttings for 
distribution to the Li was. 

It is evident from the annual iuerease in the number of packets of eggs used that increased 
interest is being taken in sericulture in all quarters of Iraq. 

Some useful suggestions for future development of sericulture in Iraq are also included. 


Economic Benefits of eradicating Tuberculosis from Livestock. John ]{. Moh&eb, 
A. PI Wkjht and L. B. Ernest. (U. S. Dept . of Agric. Mia. Pubn. No , 66.) 

The following are the authors* eonelusions and summary 

The economic benefits of tul)t*reuJin eradication presented briefly in the foregoing pages, may 
be summarized further as follows:— 

The systematic campaign to eradicate tuberculosis from livestock has an important practical 
bearing on the value of animals, their salability, and on profitable outlets for livestock and dairy 
product*. 

Although an insidious disease of high morbidity tuberculosis can be entirely eradicated from 
individual premises and from large areas by systematic tuberculin testing. Even extensive infection 
can Ik* eradicated by repeated tests, and the remo\al of mu‘tors. 

The extent of tuWmilobis among cattle lias Wen materially reduced during the progress of the 
eradication as evidenced by Wth meat-inspection records and ofiicial surveys. The degree of reduc¬ 
tion cannot be determined definitely by post-mortem figures since largo numbers of reactors arc 
included in the federally inspected kill. When such reactors are left out of consideration, a decline 
of more than 50 jht cent, in condemnations is indicated. The results of survey a since 1922 indicate 
a reduction of about 60 per cent, in tuberculosis among cattle throughout the country. 

The total quantity of beef condemned by Federal inspectors because of tuberculosis h^s averaged 
over 20,000,000 pounds annually in recent years, but this loss is now’ doelining. 

The campaign to eradicate tuberculosis, including the removal and slaughter of more than 
1,500,000 reactors, has had no adverse effect on the milk-supply of the United States. On the 
contrary, total production and per capita consumption of milk have increased materially. 

The interstate shipment of cattle from tuberculosis-frec areas has become an extensive business, 
average monthly shipments being about 46,000 head, intended principally for dairy and breeding 
purposes. 

Tuberculin testing, especially wdien large numbers of cattle are involved, is inexpensive, the cost 
being repaid many times by subsequent economic benefits. 

The number of cities and tow r ns that require their milk supplies to come from tuberculin-tested 
cattle exceeds 1,600. 

City milk ordinances containing tuberculin-test requirements bar the sale of unsafe milk and 
increase the demand for the product of tuberculin-tested cows. 

The number of counties classed as modified accredited areas has Won increasing steadily, with 
prospects for further increase until all counties in the United States have completed systematic 
tuberculosis eradication. 
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Becords of the amounts which owners of tuberculous cattle receire for condemned animals, 
including salvage, Federal indemnity, and State indemnity, show that the owner's loss is usually 
less than a fourth of the animals appraised value. This loss is soon retrieved in the form of better 
prices for livestock and their products. 

Approximately 12 per cent, of the swine slaughtered under Federal inspection show some evi¬ 
dence of tuberculosis, though the lesions are usually small. Though less than 2 per cent of the 
carcasses of affected swine are condemned, the total present loss is approximately 16,000,000 pounds 
of pork products annually. 

Tuberculosis of poultry is the cause of serious economic loss in the form of reduced egg produc¬ 
tion, unthriftiness of fowls, and their death. Data from 28 States indicate that about 7 per cent 
of poultry flocks are infected to some extent by tuberculosis. 

Cattle owners report that breeding stock from tuberculosis-free herds sell more readily and at 
better prices than similar animals from untested herds. Increases in value fluctuate considerably, 
the usual increased value ranging between 610 and $50 a bead In some localities untested cattle are 
practically unsalable. 

There is cIobg agreement in the estimates of the increased value of tested cattle in reports 
received from livestock owners, county agents, veterinary inspectors, cattle buyers, and others closely 
in touch with cattle values. 

The milk production of dairy herds from which tuberculous cattle are removed generally 
increases, owing to the replacement of reactor* with better cattle and through increased attention to 
health, sanitation, and herd management 

The postponement of tuberculin testing generally causes losses greater than the income obtained 
from cattle that prove later to be tuberculous. 

Tuberculin testing tends to broaden the outlet for livestock products from a farm, often result¬ 
ing in new local industries and a saving in hauling and other marketing costs. 

A very tangible benefit of systematic tuberculosis eradication is the payment of premiums, 
amounting to IO cents a hundredweight, for tattooed, tuberculosis-free swine from modified accre¬ 
dited areas. This bonus iB offered by many packers because of their desire to obtain healthy hogs. 
During 1926, 19*7, and 1928 farmers in the Corn Belt and adjoining States receivedjiremiuins 
aggregating over $2,000,000. In some areas the amount of premium money has frequently exceeded 
the entire cost of tuberculosis eradication. 

Since livestock serves as the principal balance wheel in the agriculture of the United Slates 
by consuming a large proportion of our crop and forage resources, the health of such livestock is 
essential to our highest agricultural prosperity. 


Ensilage and tbe Pastures. (New Zealand J. of Agric., VoL 41, No. 4,1930.) 

Attention was directed in these notes last month to the value of ensilage as a means not only 
of providing reserves of feed for use when fresh grass is in scant supply, but also of bringing about 
proper control of pasture-growth. Haymaking at tiroes can be used for these same purposes, and 
some farmers ask why ensilage is being suggested as a preferable alternative to hay. Ensilage is 
often markedly more serviceable and suitable than haymaking, after making full allowance for the 
fact that it involves dealing with a much greater weight of material than does haymaking. Ensilage 
is superior to haymaking under many circumstances, primarily because it allows of surplus feed to be 
conserved when it should be conserved. This is because silage can be made irrespective of the 
weather conditions, which so often either delay haymaking or result in the loss or serious deteriora¬ 
tion of the crop before it is saved as hay. 
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Conserving surplus growth when it should be done rather than when the weather permits it to 
be done is beneficial in three distinct ways. In the first place, the conserved material is of greater 
feeding value, in tb&t there is no reason for it to be characterized by the excessive stemminess aud 
consequent poor digestibility that characterizes much of the hay that is made. In the second place, 
the fanner is not forced to resort to the rush periods of work which are a feature of haymaking and 
which often lead to costly neglect of other important farm*work. In the third place, the pastures 
benefit in a dual manner when surplus growth is removed at the right time. No rank growth, with 
its consequent harmful opening up of the turf, develops, and a better and more reliable aftermath 
can be expected when the surplus growth is removed at an early stage. These are some of the 
important facts that make ensilage frequently preferable to haymaking. A further advantage is 
that it gives reserves of feed which are practically free from damage from vermin and from fire-risk. 

In addition, ensilage can at times be resorted to in order to place in reserve crops that could bo 
satisfactorily dealt with in no other manner. For instance, the first cut from a lucerne area ordi¬ 
narily becomes available each Boason at a time when conditions are extremely unfavourable for hay 
making, and when there is nothing to be gained by giving the stock greeu feed in addition to that 
which is obtainable from the fields under grazing. Often plants other than lucerne occur freely iu 
the first growth of each season on an area devoted to lucerne. When this is the case it is much 
against good future yields from the lucerne to leavo the growth unmowa until good haymaking 
weather can be expected. The only satisfactory course is ensilage. In like manner growth contain¬ 
ing heavy quantities of weeds, such as thistles, can at times be conserved in edible form as ensilage, 
whereas in the form of hay the stock would not consume it. 

By adopting the practice of ensilage a farmer may build up reserves of feed which could, if 
necessary, be fed with satisfactory results in summer as well as in winter, whereas haymaking gives 
a reserve which generally cannot be so satisfactorily used at both seasons. When there are reasonable 
grounds for expecting that silage may be utilized for the feeding of stock when they are producing 
milk, then it is highly desirable that the silage be made from material cut at an immature stage 
before there has been much or any development of bloom. Silage made from stemmy, mature green 
material when fed to milking stock to supplement pastures may not bo superior to hay—indeed, it 
may be inferior to hay well saved from material cut at an early stage. 

From these merits of ensilage it is not to be concluded that ensilage should always necessarily 
be adopted to the exclusion of haymaking. Often, indoed, both silage and hay may well Be made on 
tho one farm : by making silage early in the season when broken weather is likely, and hay later on 
when good weather is likely, more surplus feed is conserved than could be done otherwise, and at 
the same time the labour of doing this well distributed so that no serious dislocation of farm-routine 
work occurs. Summed up, the intrinsic worth of ensilage comes from the facts 4hat it can be prac- 
tised irrespective of weather, and that herbage which cannot be used satisfactorily for hay can at 
times be better utilized for ensilage. 

Some farmers refrain from ensilage on account of the belief that it is a somewhat difficult pro¬ 
cess with which to attain success. Actually it is not at all difficult It is less difficult than much 
other farm-work which is generally undertaken without hesitation ; it probably calls for less skill 
than haymaking under average conditions. All this is rather well illustrated by the method of 
making the winning stack in last season’s extensive Taranaki ensilage competitions. According to 
the report of the judge, Mr. J. M. Smith, 41 the crop was cut while the herbage was in a young grow¬ 
ing condition. The material came in straight from the mower, and the stack was built to a height of 
8 ft the first day. Building was continued and completed the following day when tho stack went 
to a height of 16 ft and a covering of 15 in. of soil was put on straight away. The stack was 21 ft 
square. It cannot be held that there is anything intricate about such a practice. A detailed account 
of ensilage-making is given in Bulletin 146 of this (New Zealand) Department 
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Ensilage does not tax the labour resources of the ordinary farm if suitable modem equipment is 
used* Three to four workers will make really good progress with equipment which can bo purchased 
for from £’40 to £‘50» and which also serves excellently for haymaking. Where a suitable site 
for a pit is available only a portion of the expenditure just mentioned will suffice under many 
circumstances, and in numbers of eases a team of two workers has efficiently saved silage. 

From the dependable field evidence contained in the separate article appearing in this issue (New 
Zealand J.of Agric. Vol. 41, No. 4) it will be clear that there arc grounds for the belief that ulti¬ 
mately ensilage will be of the great value to our sheep-fanning that it is already to our dairying. 
Proper pasture utilisation is the sphere in which many fanners show most scope for improvement. 
What the governor is in the working of the engine, that is ensilage in the utilizing of pastures 
--control. 

The smaller the amount of silage saved the greater is the pruj>ortion of waste. Hence it sometimes 
becomes advisable to ensile together material firm several sources. For instance, in the early part 
of the season by conserving together supples material fnm pastures, from green cereals, and from 
lucerne, many fanners would have a much more satisfactory bulk of material to work with than 
would be tbe case were each crop treated separately. 

Seme Economic Factors in Poultry Husbandry. A. W. Ashby. (Harper Adams 
Utility Poultry Journal , Vol. XV, So. 12, 1929-30.) 

During the last 25 years poultry husbandry in Great Britain lias made very great progress. 
Stocks of fowls have increased very rapidly, supplies of eggs and poultry have increased, and 
yet prices have been w ell maintained. There has been great progress in technical methods of breed¬ 
ing and selecting stocks, in feeding, and in general treatment on a large number of specialised hold¬ 
ings and some genera) farms, but we shall overlook one of the most important factors if we attribute 
the increase in stocks and supplies wholly to progress in technical methods. Some changes on the 
side of consumption are quite us important as those in methods of production. The consumers have 
been willing to take all the increased products, and in the case of eggs they have been willing to pay 
good prices for good quality supplies. Poultry keejuTs have been fortunate in having this expand¬ 
ing market. With increasing supplies most agricultural producers have to look forward to falling 
prices, both actual and in relation to prices or other products. Poultry keepers have been*able to 
increase supplies and yet obtain relatively high prices. 

The expanding market for good quality eggs seems to be symptomatic of trends in consumption. 
Consumers are looking for the lighter of the meat types of foodstuffs, and in spite of industrial 
depression there are classes of consumers who are willing to pay the prices necessary to secure what 
they want So far as can be judged the market for eggs, more or less for poultry, and for others 
of the lighter meat products, is likely to expand still further. With improved economic and indus¬ 
trial conditions we can look for an increased demand for good quality eggs and poultry. 

But the egg market needs the protective attention of producers. The greatest danger to this 
market is the continued existence of what may bo called the u barn-door poultry flock/’ These flocks 
produce irregularly, their owners still pay little attention to quality and cleanliness of supplies, and 
it is important to realise that nearly $0 per cent of British eggs still come from general farms and 
small beddings. Probably we shall not be far wrong if we say that 75 per cent, come from non- 
specialised poultry holdings, and over 50 per cent from what may still be called the barn-door 
flocks. In Wales we estimate that 55 per cent of the eggs come from such flicks. 

On many farms the domestic fowl has been and still is regarded as a waste-user or as a scavenger. 
There are many people who stHl believo that profits are made while the flock consists of 50 to 100 
hens which get half their food Cor themselves, and that there is likely to be less profit if the fiock is 
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increased or methods are changed, so that birds require more food and labour. The barn-door lien does 
get about half its own food. With consumption at 90 to 100 lbs, per year under farm conditions 
(allowance has to be made for dirty feeding ground and loss of grain) the barn-door hen receives 
about BO-60ll>s. of food in tho year. Production per hen varies between about BO and 80 eggs, and 
in Wales we estimate the average at 75 eggs per year. On this basis there is a sujierficial case to be 
made out for the barn-door flock. The saving of 50 lbs. of food at 4*. or is. M. must be set 
against, say, 50 eggs; or when labour and other charges are included, the increases in cost incurred 
in better management are 4$. to is. 6<f. for food, a shilling for labour, and a shilling for capital and 
depreciation, which brings extra costs to 6#. or 6*. 6<f.; and against this has to he set a yield of 50 
to 70 eggs. The conclusion of the calculation with supporters of the barn-door flocks is that it is 
better to leave them as they arc. 

But it may he suggested that the better poultry keepers are now carrying the barn-door flocks 
on their shoulders One can scarcely imagine what would be the state of the industry and the 
markets if they wen* left to those who pursue the easy and haphazard methods of handling poultry. 
Supplies would fluctuate violently. Imports would have a free field for four or nearly six months 
of the year. Consumers would not bo tempted to ask for home-produced eggs, and would have 
reason for turning to imported supplies. As there is every reason to believe that general improvement 
in supplies of eggs, including regularity of presentation, would lead to increase on the existing 
demand, there is ample reason for a campaign for getting rid of the remaining barn-door flocks, and 
for improving all methods of the general farmers who have not hitherto given much attention to their 
flocks. 

The seasonality of the production of eggs still needs attention. So far as can be discovered 
the delivery of fresh eggs from British farms shows greater variation between the Spring flush and 
the Autumn shortage than m the years before the War. It is difficult to see any reason for this 
change, hut it may be that the spread of the lighter breeds with a higher yield capacity to farms on 
which they live roughly may lead to a higher production during the flush months without any 
higher production during the months of had weather. In any ease, seasonal variations in prices in 
1924-1928 were greater than in the years 1910-1914. Imports of eggs in shell arc much more regular 
than supplies of British farm eggs, and imported supplies are relatively heavy from September to 
the end of flu* year. Some of the early winter imports arc cold-stored, others arc small, cheap eggs. 
The latter can lx* distinguished in statistics, and the former cannot, but there is reason to %olie vet hat 
imports of really fresh eggs are more regular than British supplies. The autumn and early winter 
peak in prices, especially of British fresh eggs, tends to restrict purchases by some consumers, and 
to move demand of others from British to imported supplies. But some consumers who would “buy 
British ” can scarcely secure supplies. When demand is moved from British to near European 
rather than to cold-stored or to Egyptian and Chinese supplies the competition is the more dangerous. 
Big variations in prices tend both to move demand and to restrict it. In the increase and improve¬ 
ment of supplies seasonal distribution is an important item. 

As regards production, poultry keepers have recently been favoured by relatively low prices of 
foodstuffs. Purchases in retail quantities do not always show the changes that occur in the 
producers’ or the wholesale markets, yet foodstuffs liavo been cheap. As foods represent some 60 per 
cent, of the total cost of flock maintenance this has been an important item in the economy of the 
business. Although some of us hope that last year’s grain prices will not continue there are no 
present prospects of very high food costs. One of the main points hero is to see that some of the 
newer foodstuffs now recommended by experts are purchasable and purchased at fair prices. 

The fundamental problems of poultry husbandry have been and are biological and biochemical. 
The questions of breed and strain, period of hatching, feeding, housing and hygiene, and control of 
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disease are all important. But I would make a plea for the work of the economist in respect 6t 
poultry husbandry, for important economic questions are arising in production. We ought to hare 
more information than is now available on such subjects as these: Cost of feed in relation to total 
egg production; and in relation to seasonal production. Cost of feed in relation to value of eggs, 
both according to number and according to price as determined by seasonal production* The cost of 
labour and equipment in relation to size of flock. Cost of hatching versus buying chicks, cost of 
hatching and rearing, or buying chicks and rearing versus buying pullets, and the general results 
of those various methods of maintaining flocks under different circumstances. Next to feed, labour 
is the most important item in costs, and we know very little about the economy of use of labour 
with poultry flocks. 

There is, however, one question which I should like to raise which I am sure will create discus¬ 
sion. At the present time it appears to mo that the general farmer will find greater probability of 
profits at a yield of 120 eggs per bird (average calculated on total number of pullets and hens 
started in autumn) than at 150 or a higher yield. I now speak primarily from Welsh experience, and 
the corresponding figure for England may bo a little higher than 120. But there is some danger 
in striving for higher yields, especially if this is done mainly on the basis of breed or strain. In 
Booking higher yields equal emphasis ought to he put upon breed and strain, on culling, on feeding, 
on housing and hygiene, and care ought to be taken to secure stock that can stand high yields in the 
harder conditions which they encounter on the general farm. While we must seek higher yields, 
partly for the advantage of better seasonal distribution of supplies and partly for general economy in 
production, wo must take care not to press yield beyond the optimum point for the general farms. 
Whatever the optimum figure may be for the specialist poultry farmer, the figure for tho general 
farmer is still quite low. Raising the average to 120 in Wales would require an increase of one- 
third or thereabouts; and one-third rise in England would only raise the average to about 135 eggs 
per bird. We cannot expect such increases by changing the stock alone without incurring some 
other risks Progress towards higher yields must be of tbo all-round character of stock selection 
and management. 

We may look to poultry husbandry to make as much progress in the near future as it has made 
in the past. But if stocks and supplies increase it will be necessary to cultivate the markets by 
every possible means. Profitable poultry keeping will depend on the further development of the 
market, and to this b>th production and marking arrangements must make their contributions. 

Agricultural Co-operation in the Irish Free State. ( Int . Bov. of Agric, Ft. IT, 
Monthly Bull . of Agric. Economics and Sociology , Vol. XXI, No. 12, December 1930.) 

The Irish Free State (usually described in official documents under its Gaelic designation, 
Saorstat Etreann) consists of twenty-six out of the thirty-two counties which constitute Ireland. 
It contains 17,019,154 acres of land and lias a population of 2,971,992 persons, of whom 1,307,662 
are described as “occupied persons, 12 years and over". Of these, 523,025 are designate! as 
“ farmers and relatives assisting**, and 139;104 are accredited to “other agricultural occupation ”, 
making a total of 672,129 working either at the cultivation of the land, as farmer-ow ners, gardeners, 
etc., or aiding those who do so. The high proportion of land workers (over 22 per cent, of the 
inhabitants, over 51 per cent, of occupied persons and nearly 78 per cent, of a larger group 
into which occupied persons are subdivided, “ producers, makers and repairers ”) gives to agriculture 
its great predominance over other callings in a country where the absence of mineral wealth, 
save to a very slight extent, greatly reduces the industrial possibilities. To maintain its 
population at or near the existing figure, it is therefore necessary to export a considerable pro¬ 
portion of agricultural produce and of the by-products of agriculture. Of these—whether for export 
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or for home consumption—much the more important group* are live-stock and livestock products, 
which, in the last official returns on the u Agricultural Output of Saorstat Eireann *' (1926-27), are 
valued at £50,555,000, as against £834,000 for total crops and £5,938,000 for turf (“peat”); 
making £64,757,000 in all. In this (the live-stock) group, milk products hold a most important 
place, being valued at £13,693,000, while “ cattle slaughtered in or exported from Saorstat Eireann ” 
are put at £13,809,000. It should perhaps be explained that the figures in this return do not 
include any part of the produce which was used for further agricultural production, whether that 
part was used on the farm or sold from one farmer to another within the area of the State. 

In Ireland, for many years, dairying has mainly meant butter production. Unlike England, 
where urban areas absorb a large proportion of the milk supplies, the Irish Free State has few 
towns whose population rises above 20,000, and only two, Dublin and Cork, where the figures 
exceed 100,000; thus the whole milk, cream skim and butter-milk “ consumed by persons or export¬ 
ed ” are valued in the “ Agricultural Output ” at £354,300, whilst the whole milk sold to creameries 
mainly for manufacture into butter and the butter made on farms, were valued at £10,157,000; 
the total quantity of whole milk produced being estimated at 589,000,000 gallons, the quantity 
of hutter made in creameries at 587,000 cwts. and the total butter produced at 1,491,COO cwts. 

It should be added that creamery butter, which fetches higher prices than either “ Factory ” 
(*.«., blended) butters or ‘'farmers butter” (homo made), is a constantly growing proportion of the 
whole, and that cheese is not made in any appreciable quantity in the Irish Free State. To see the 
relations of creamery butter making to the country as a whole in better perspective, it will be 
necessary to consult the export figures. The latest published are for the fiist ten months of 1930 
which give the export as 365,665 cwts. valued at £2,345,361 as against 376,947 cwts. valued at 
£3,092,072 for the corresponding months of 1929. During 1930 Irish butter in consonance with 
all butters marketed in Great Britain (to which country only it iR exported) fell considerably in 
price when compared with 1929—a serious loss to Irish dairy men and explicable partly as a 
reaction from the general agricultural slump and perhaps more directly as the result of unemploy¬ 
ment and general business depression in the English cities. The other butters exported during the 
period were “factory ” 109,371 cwts. at £648,768 and “farmer’s ” 2,041 cwts. at £13,785. The 
full figures for 1930 will almost certainly exhibit a further decline in values. 

The exports for the two full calendar years, 1928 and 1929, have also been published and these 
show that the quantity of creamery butter exported in 1929 was 426,279 cwts. and the value 
£3,512,805, whilst the corresponding figures for 1928 were 405,834 cwts. and £3,368,437 respec¬ 
tively. The total exports of all butters for these two respective years were 560,482 cwts. valued at 
£4,554,855 and 539,124 cwts. valued at £4,536,321. As the total value of the exports of all kinds 
for the same year (1929) were £46,803,448, it will be seen that butter alone constitutes nearly one- 
tenth of tli© exports of the State. 

Two other facts about Irish faming may serve to make the conditions under which the co¬ 
operative movemont, and more particularly co-operative dairying, is carried on clear to the reader; 
Irish farming is small farming and the average farmer is a very poor man. The latest date at which 
the measurements of holdings were available was 1917, but there is no reason to assume that any 
proportional changes of importance have since occurred, though, during the “boom ” years following 
the close of the war, a good many farmers extended their acreage by purchase. (On the whole, such 
extensions seem rather to have added to farmers' burdens than to have improved their financial 
condition and in some districts, at least, newly acquired land has been left derelict and in others the 
purchase of small holdings by “landless” men has tended to keep the average low.) In 1917 the 
number of holdings under 30 acres was 310,824 out of a total of 443,406* In England fame of 100 
fere* and under fre reckoned as “ small ” ffrms, and taking that as a dividing line, the Irish count % 



m 


AQKtcmxosB *m» lthc-stock iw nrou 


[I, nr. 

1917 would he 413,534, or about 90 per cent, of the whole. Partly because of this, the remuneration 
to the workers in agriculture (mainly fanners, agricultural tobowrers being only occasionally and only 
seasonally employed on the smaller farms) is very low. The Agricultural Output computes it as 
about £88 per ])erson occupied, or, allowing between one and two persons to each farm (frequently 
the farmer has the help of one relative), the income is little if anything above that computed for the 
industrial worker whose average is £121 per annum— and this computation charges against the 
farm, at city prices, produce consumed there. It will readily be seen that, on the smallest farms, 
even the smallest economies in production and very small increments of profit are of great imjort- 
ance. That is ope reason why co-operation is essential to it. 

1.—The beginnings of thk co-opebatjvk movement. 

When, in 1889, Irish economists, led by 8ir Horace Plunkett, eager to check emigration, and 
to raise the status and income of small farmers (then beginning to acquire the ownership of their 
holdings under a series of Acts of the British Parliament which continued to be passed until the 
first decade of the Twentieth Century and were further extended and develojed after the Trish 
Free State had begnn to function in 1922), first made a study of the new agricultural ecrnomy in 
continental countries and especially in Denmark, the fact which emerged most clearly was the 
necessity for combined or co-operative activities in agricultural production, credit and sale. It was 
on production that these pioneers chiefly concentrated and in it, pirticularly in regard to dairying, 
that their most notable successes were achieved. The history of the movement, which must here 
be only glanced at in a few sentences, may be roughly divided into four j>criojR—the decode which 
closed the Nineteenth Century, the pre-war period up to 1913, the period of war, unset tlement and 
now constitutional development, up to 1923, and the post-war j>eriod, with which this article is 
mainly concerned, and which may be regarded as covering 1923-30. No complete survey of all 
tbe facts for the first period (1889-1900) has been written, but its objectives and the results then 
achieved were sketched by Sir Horace Plunkett in Ireland and The New Century, which, aiming 
at propaganda, attained sufficient historical significance to make it indispensable to students. Tbe 
last year of the Nineteenth Century showed that the organising bod}, the Irish Agricultural Organi¬ 
sation Society, had succeeded in forming several hundred societies, mainly creameries, whose 
butter sales were shown as £703,826, to which a general turnover of £327,781 has to be added and a 
small business in credit through credit societies, bringing the total up to £1,038,877. 

Though polemical matters, which cannot be .debated here, political, agrarian and cultural, 
divided the farmers* aims during the second period between economic advancement on co-operative 
lines and other objectives, and retarded the growth of (lie movement, there was a steady rise in the 
figures for business done, which by 1913 had risen to £3,333,189, of which butter Rales represented 
£2,323,441, and general turnover £954,25G, as before there was a business in loans through credit 
societies to add. The next decade, 1913-23, was one of war, revolution, disturbance and, finally, a 
political settlement ultimately acceptable to Die majority and with it the formation of the now 
existing State. More disturbing financially, }*»rhaps, than the incursion into agricultural areas of 
men in arms, were the reactions of the European war, the rationing and derationing in Britain of 
tbe war and post-war years, the short boom and Die longer slump in agricultural prices the incerti¬ 
tude of the future in the farmers* minds, and the changing vicissitudes of organisation amongst a 
population swiftly but only very moderately enriched and as swiftly impoverished and politically 
and, even more, economically unsettled, whose market in Great Britain had also lost its normal 
equilibrium. The movement’s turnover rose from £3,668,958 in 1914 to £7,574438 in 1917, again 
to £14,604,852 in 1920 and fell back to £7,725,072 in 1923, tbe last date for which the Irish 
Agricultural Organisation Society had figures until those (collected in the autumn of 1930) for 1929, 
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2.—Thu Iei8h Aobioultueai. Obgakisatioh SoCIUfT# 

Before making comparisons between the figures which end the post-war period and the latest 
figures available, two digressions are necessary : brief explanation of the purposes, scope and consti¬ 
tution of the Irish Agricultural Organisation Society and of ihe types of society which it organ¬ 
ises and accepts for affiliation. The Irish Agricultural Organisation Society was founded in 1894 
after the co-operative pioneers were satisfied that their five years of initiating organisation had 
resulted in a movement of permanent value to Irish farmers. By that date 38 societies had been 
formed and, although the total sales of the creameries then working were only £151,852, there could 
be no doubt that the methods they were applying to agriculture were valuable and indeed necessaiy. 
These societies had modelled themselves on the Bochdale plan as regards capitalisation and finance 
on Danish co-operation in regard to dairying business and on Raiffeisen principles in respect of 
credit, but with minor modifications in each case. In founding a Society to act as guardian to 
societies already formed and to promote other societies, the founders, who had come together at the 
request of Sir (then Mr.) Horace Plunkett during a Parliamentary Recess and had issued a Report 
outlining their proposals, set themselves a task of no slight difficulty. Polemical issues, which 
cannot be discussed here, had made association between public men of varying parties and different 
creeds very difficult, the public mind was occupied by grave problems which have since passed into 
history and, above all, the now public service for winch the nascent movement called required to be 
financed. Mr. Plunkett’s purse was drawn on freely and later, when the Department of Agricul¬ 
ture was established, his salary, as its Vice-President, was yearly donated. This financial problem, 
the crux of the situation, did not find an altogether adequate solution but, in forming a Society 
which should both assist the societies promoted by it and receive a certain amount of financial 
support from them, the initiators planned a device which, novel at that time, has been copied or 
adapted elsewhere : by England in the Agricultural Organisation Society, whose fosterage of co- 
operntion after many years of work was taken over by the National Farmers* Union ; in Scotland 
by the Scottish Agricultural Organisation Society ; in Wales by the Welsh Agricultural Organisation 
Society ; in Finland by Pellervo, and ultimately in Ireland itself, after partition, when the Ulster 
Agricultural Organisation Society took over that portion of the work (previously done by the Irish 
Agricultural Organisation Society) in the six counties politically designate as Northern Ireland. 
It is a notable ovidonce of the unifying influences of co-operation that the relations between co- 
ojierators in each State subsequent to partition remained mutually cordial, as, indeed, they had con¬ 
tinued to be even whilst citizens on both sides of the Ulster border had taken to arms 014 opposite 
sides of Irish political controversies. 

The financing of the Irish Agricultural Organisation Society has, throughout, been worked on 
the following linoB : the State was requested to look upon the organisation of an agriculture based on 
associations formed for combination in production, distribution and sale, as a public service, to be 
assisted from Government funds but not dominated (as the civil service must necessarily be) by 
Parliament; tho societies themselves were expected to honour the principle of self-lielp by contribut¬ 
ing to the upkeep of the parent body, and the public were offered an opportunity to aid a work of 
national importance and secure representation on the governing body by subscribing. The allocation 
of State funds in Ireland was a difficult matter to effect and it took time and work to wear down 
political opposition to the idea— time and work which if fate had allowed them to be put into the 
constructive business of building up the societies, would have brought swifter moral and financial 
success to co-operation. The policy as originally conceived in Ireland had involved recognition by 
the Government of expediency of “ State aid for Self-help” but, although the Development and 
Road Improvement Funds Act had made specific provision for hypothecating public funds for the 
teaching of co-operation by orgmisations *' not trading for profit ”, it was not until 1913 that the 
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first annual subvention tinder this scheme urns paid to the Irish Agricultural Organisation Society. 
It continued from that date until the setting up of the Irish Free State in 1922, and the British 
Treasury continued to act yearly on the recommendations of the body charged with the duty of 
advising as to the allocation of such grants (“ the Development Commission ”) itself and advisory 
committee of the Treasury. And, on the cessation of these grants, the Free State Government, 
having taken over as part of the financial settlement an agreed proportion of the Development Grant, 
continued the subvention to the Irish Agricultural Organisation Society and on an extended scale. 
(The present grant covers the period 1926-31 at £8,BOO per annum.) The third source of revenue, 
public subscription, bae for some years been a decreasing element in the income of the Society, 
which has, however, m the course of its career, drawn a good deal from personal contributions and 
has had public-spirited help from idealistic citizens. It has been supported by a considerable majo¬ 
rity of its own societies, in varying degrees of generosity, bat, on the whole, in reasonable proportion 
to their income. It is a rule in the constitution of each society formed that it shall contribute to the 
parent body on a scale agreed to by the General Meeting (the ultimate authority in all matters of 
policy) but, though this rule is legally binding on the constituent societies, the Irish Agricultural 
Organisation Society has never sought by legal injunction to enforce it on any recalcitrant society, so 
that in fact, though not in form, these subscriptions are voluntary. The funds from this source 
increased in 1930 in spite of agricultural depression. 

The constitution of the Irish Agricultural Organisation Society, formed originally mainly on 
the model of the Co-operation Union of Manchester, has been modified in minor points fiom time to 
lime and when, on the establishment of the Irish Free State, negotiations for a continuance of the 
Development Grant were entered into, the State made its acquiescence in that claim contingent on 
certain conditions, the chief of which u as a change in the mode of electing the representatives 
of societies and other subscribers to the Committee—which roughly corresponds to a 
Board of Directors, but unpaid—as well ftR a general agreement between the State and 
the Society as to the scope and tenor of the work to be undertaken. No direct representation 
of the State was sought for, except during a brief period of transition, and thus no direct 
resjKmsibility for the Society's activities is accepted by the Administration. Thoso activities 
have been varied in their application to different branches of farming during (he whole 
period of the Society's existence since 1894, hut the main lines of the original scheme have been 
consistently followed. The scheme aimed at is the formation of regional self-governed societies 
nnder model rules which provide for capitalisation and the carrying out, under committees elected 
by the General Meeting, which is (under the law) the dominating authority, of definitely specified 
business purposes such as (e g.) the manufacture and sale of dairy produce or bacon, the sale of 
agricultural produce, the purchase and re-sale of agricultural requisites and equipment or such 
other necessaries as the farm or the fanner requires, and the co-operative uses of credit. All these 
societies accept in their constitution the democratic vote (per person, not per share), a limitation by 
rule of the rate of iuterest (usifelly to 5 per cent.), a limitation in the shareholding interest held by 
any one member, open membership (to any applicant farmer within the area of the Society's operations 
but subject to the Committee’s power of vote in individual cases) and, generally, the limitation* 
laid down by British law in the Industrial and Provident Societies Acts or, in the case of credit 
societies, certain regulations laid down by the British Treasury, authorising tbe raising of loans 
from members and others to be re-lent (subject to tbe Societies' Borrowing Powers Act and to certain 
designated provisions of the Friendly Societies Acts) to members only, “ for tbe purposes of agricul¬ 
ture, horticulture or arboriculture All this enabling legislation has been taken over by the 
Irish Free State in continuance of British Acts, but not all of it is fully adapted to its purposes and 
so a new Co-operative Act is pending. Societies can also accept for membership other societies, thuq 
Cabling thepa to work upon the principle of federal sale or purchase, etc* 
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A short outline of the methods of the Irish Agricultural Organisation Society must suffice to 
complete this part of cmr survey. Where a neighbourhood small enough to be easily organised and 
large enough to contain the potentialities of lucrative business has become aroused, by contact with 
an organiser or by reading or through the initiative of local leaders, to the fact that the fanners could, 
if co-operatively organised, advance their financial interests by, for instance, carrying out dairying 
through a co-operative society or could effect economics in purchase through a credit society or a 
society for jcint purchase, the proof of their recognition of the potential virtues of such an organisa¬ 
tion will manifest itself through a sufficient amount of capital being subscribed. This gives the 
Irish Agricultural Organisation Society which will first have satisfied itself that the projected 
enterprise in tho existing conditions has a fair prospect of success—reason to believe that the local 
farmers may be registered as a society and, registration under tho Act having been arranged for. the 
organiser sees them through the first phases of their existence. The legal forms of incorporation are 
signed; a business committee is elected, the financial conditions essential to enable them to 
function are carried out, usually through a joint stock bank, with or without an advnnoe from the 
State which, hut only in certain contingencies, lends this form of support. A site is chosen for a 
creamery or stores, buildings are erected, purchased, or rented, if necessary, plant is installed, a 
manager appointed and all minutiae incident to the starting of a new business are worked out. In 
most or all of these processes, the Irish Agricultural Organisation Society is called on to assist— 
often indeed to decide what is to be done. The Society, once launched as a going concern, is visited 
as often as funds, circumstances and local needs demand by officials of the Irish Agricultural 
Organisation Society, for business, accountancy and general purposes, and if the concern is a 
Jiroductivc society, such as a creamery, by officials of the State Department ot Agriculture to advise 
on technical questions and inspect and report in accordance with Governmental regulations. 

3. —The movement in thf pbriod 1923-29. 

The period whose comparative figures we are about to consider, 1923*29, was one of re-integration. 
Grave political unsettleinent characterised the earlier years of this septennial period, and construc¬ 
tive work of all kinds had been retarded for a decade earlier. It is clear proof therefore of the 
suitability of co-operative dairying to the agricultural conditions of Ireland to find that the 
sale of butter by the co-operative creameries row* from £4,659,402 in 1922 to £5,034*285 in 
1923. There was, however, in 1923 a decline in the total turnover of the movement of over 
£1,200.000. This decline was mainly in general turnover, an apparent retrogressioh to be 
considered later. That year is the last for which statistics for co Deration for all iieland have 
been published. The new political developments involved partition between the six counties 
of “Northern Ireland ” and the remainder of the island, and the formation of the Ulster Agricul¬ 
tural Organisation Society marked out a circumscribed area in each State, as the fkrid of operations 
for State-aided co-operation. To obtain strictly comparable figures therefore, as between 1923 and 
1929 for the Irish Free State, it is necessary to deduct from the totals for all Ireland the business 
done in the earlier year in counties Antrim Armagh, Down, Derry, Monaghan and Tyrone. Even 
when we havo done this, (he figures require to bo used with some reserve. Not all of the 
returns furnished by the societies are vouched for, os, in a few eases, estimates have had to bo 
accepted. Besides this, not every society, though each is under legal obligation to return its 
membership trade and other balance sheet figures to the Registrar, has in fact done so and tho 
totals quoted below are, therefore, probably an underestimate of the business done in the years com¬ 
pared. Taking, then, the available returns for the trade done in the Irish Free State, in 1923, we 
can cite, as minimum figures for sales of butter and cream, £3,635,065; for agricultural goods sold 
through dairying societies (creameries) £282,257; for agricultural requisites sold by co-operative 
pgpcultural societies, £959,448; for sales'of poultry and eggs through societies formed for that 
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purpoat, £48,108; for bacon and meat (for three societies exclusively devoted to that business sad, 
in particular, to bacon curing) £295,226, together with small u sundry ” business £8,154 > bringing 
up the total for tbe sales of local societies to £5,228,258, Two other figures complete the full 
turnover; the trading federations (the Irish Agricultural Wholesale Society and the Irish Co¬ 
operative Agency Society) did an aggregate business of £877,637 and there were loans advanced to 
farmers, through credit societies of £24,161. These figures make a grand total of £6,130,056. 
Owing to a variety of causes, the Irish Agricultural Organisation Society have no statistical data 
available for 1924-28, but in 1929 we find an increased total of sales: the local societies account for 
£7,929,674, the federations (at this date, the Irish Agricultural Wholesale Society and the Irish 
Associated Creameries) for £3,157,648 giving an aggregate for trading societies of £11,087,322 
against £6,105,895 for 1923 and when the loanB from credit societies, £86,234, are added, the grand 
total for 1929 reaches £11,173,576. 

Some observations are necessary to account for the remarkable percentage .increase thus reached— 
about 67—and some explanation of the items which made up the total. The principal source of 
increase is in the sales of butter and cream uliich rose in 1929 to £5,571,479, being more by nearly 
£800,000 than in 1923. So largo an addition to the turnover of co-operative dairying societies 
(about 50 per cent.) is very remarkable in face of the fact that a considerably reduced price for butter 
was obtainable in the later of the two years; it implies a considerable “change over* from 
proprietary to co-operative ownership in the cream ivies of the country, which is in fact what occurred. 

4.—The transfer of proprietary creameries to co-operitivb societies. 

In the winter of 1926-27 it became known that the owners of the largest blocks of dairying pro¬ 
perty in the State were willing, if a purchase could be effected at terms they considered equitable, 
to sell out their creamery buildings and plan, equipment and other assets, including houses, 
condensing plant and buildings, etc., and to have the milk supplies they had previously handled 
transferred to farmer-owned and farmer-controlled societies. The proposal was readily entertainod 
and energetically followed up by the Irish Agricultural Organisation Society, hut it involved obvious 
financial difficulties. Farmers, many of them hitherto unorganised, could not easily at a stroke 
capitalise an undertaking so wide spread, covering large areas in tbe province of Munster, and 
requiring immediate conversion to a now system. Moreover, not all of the retiring proprietors 
properties were suitable for being acquired by societies each of which was autonomously worked 
within a confined area. The Irish Agricultural Organisation Society, acting in tho initial stages as 
an intermediary between the proprietors and the fanners, virtually all of whom were desirous of 
bringing the negotiations to a rapid and satisfactory conclusion, approached the Government, which, 
seeing in the proposed transfer a potential source of increased income to the dairy farmers (to whom, 
under the co-operative system, the full profits of the industry would, of course accrue) and, therefore, 
an added impetus to an important industry, moved in the Dail (“ House of Commons M ) through the 
Minister for Agriculture, Mr. P. Hogan, whoso doclared policy has always included agricultural 
'•o-operation, for the financial and other powers necessary to implement the sales. The method 
adopted, with the ready support of the political Oppositions as well as of the Government supporters^ 
was to authorise certain civil servants as representative of the State to register themselves as a 
company (the Dairy Disposal Co.) so as to procure the buildings plant and other assets of the pro¬ 
prietors, to secure the milk supply and to re-sell the properties so acquired to existing or newly 

formed co-operative societies, under the aegis of the Irish Agricultural Organisation Societies; 
selling also, however, to private purchasers such properties as the fanners were unable or unwilling 
to take over or, alternatively, as a temporary measure, themselves to work such business (ay.* con- 
denseries) in tbe interests of the State (as purchaser) but not, of course, to the financial detriment 
of the milk suppliers. To enable the faripe^s jbo purchase, however, recourse to loan capital was 
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necessary and to secure the advances to which the Bail agreed it was necessary that the membership 
oi the purchasing creameries should accept liability. This was agreed upon in advance of legislation 
and was made formally binding under the Creamery Act, 1928, which stipulated that each member 
should be liable for a £1 share for every three cows owned by him, and, s) as to prevent any new 
competitor from weakening tbe financial standing of a borrowing creamery, enacted that no new 
creamery should be established within <the area worked by a society contracting for a loan from the 
Department of Agriculture (the lending body) save with the consent of tho Minister. Also, to 
bridge the gap between the agreed purchase price for all the properties and the amounts farmers* 
societies might reasonably be expected to pay as purchase mmcy on their acquisitions of creamery 
buildings, plant and milk supply (condenseries and certain other properties not being necessary for 
their purposes as manufacturers of butter), the State should make itself responsible for the differ¬ 
ence, a sum estimated not to exceed £95,000. These negotiations naturally took some time to work 
out. Although the conversion was rapidly accomplished in most cases, the Dairy Disposal Board 
is still in charge of part of the original property and also works such creameries as were not pur. 
chased by the milk suppliers in their vicinity or closed as “ redundant ** having regard to existing 
co-operatives, in the joint interest of the State as owners for the time being; and ultimately of the 
farmer-suppliers. The immediate result, as has been seen, is a considerable rise in the co-operative 
business of the State. Indeed, the 50 per cent increase in butter sales does not fully represent the 
value of the conversion, seeing that trading transactions carried on by the Dairy Disposal Co., even 
where not yet co-operatised, cannot be regarded as “ proprietary business ” in the exact sense and 
that probably not more than 10 per cent of the creamery output of the Irish Free State would now 
come properly under that designation. 

5.—The federations of co-operative societies. 

It has been stated that the creamery output of the movement for 1929 is approximately 50 per 
cent above that for 1923, but the aggregate trading figure 67 per cent The difference does not 
arise from increases in the business of the other local s >cietios but mainly in the output of the 
Federations and specifically that Society which handles the greater proportion of the butter produced 
in co-operative creameries. This feature of the situation demands comment The older of the two 
federations, the Irish Agricultural Wholesale Society, has been 33 years in operation. Its principal 
objects, to purchase for the local societies, the supplies, and other requirements, seeds, manures and 
equipment of the farm, wholesale, redistribute them to its member-societies at ** bed-rock # prices 
and so enable them to ensure for their membeiship the cheapest and most efficient service, are being 
steadily fulfilled, though the business done falls far short of the movement's potentialities. In 
Ireland, as elsewhere, loyalty to co-operative principle, the disciplined support of the local society by 
its members and of the Federations by their constituent societies, is still only in process of develop- 
ment. The business of the Irish Agricultural Wholesale Society does not cover nearly 100 per cent, 
of the societies purchases. In 1923 it was £353,351; in 1928, £597,481, in 1929, £592,178. The 
Booieties’ sup}K>rt has increased in recent years; the figure for 1929 representing an increase in quan¬ 
tities over 1928. 

The same co-operative principle which underlies the Irish Agricultural Wholesale Society is the 
basis of the creamery federation: joint sale ot butter in the interests of the societies, throngh a 
common organisation and, with it, the elimination from the movement of inter-competition and 
under-cutting and sale “ on consignment There was a body formed so far back as 1893, aiming 
at these results, but it never covered an adequate proportion of the sfeieties* trade. (This society, 
the Irish Co-operative Agency Society, is still in trade). Following on the transfer of the proprie¬ 
tary creameries, a bigger effort was instituted in the formation of the Irish Associated Creameries, 
wfcirb, during 1928-29, effected a business of £2,548,200 and £2,565,470, respectively. The method 
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by this Society wag to arrange for definite contracts between the local creameries, which 
financed it, end the Irish Associated Creameries. Under these, about SO per cent, of the creameries 
sold over 60 per cent, of the butter manufactured in co-operatives. This included a very large per¬ 
centage of their own aggregate turnover, in fact nearly all of it except small consignments for 
which provisional exclusion was made in the contracts. The ultimate result of this experiment is 
still uncertain. The fact that not all the creameries participated has loft the market still subject 
to undercutting. “ Free ” creameries not merely remained outside and competed against the Feder¬ 
ation but engaged in a press controversy opposing the course pursued by the adherents of federal 
sale. A more perturbing influence on the contracting creameries, most of which* despite difficult 
marketing, honoured their contracts, was the virtual collapse of prices in 1930 due to the pressure 
of the world market, to “over-production** (in the perhaps rather inexact use of that word), to 
“under consumption *’ (in relation to supply)* and to unemployment in Great Britain. These factors 
effected eveu the price of Danish butter (an all-the-year-round product) but less than Irish (which is 
seasonal) or New Zealand or Australian. The conditions of the butter market and the consequent 
serious price reactions on Irish dairying have prnnpted the Government to appoint a commission 
“ the Butter Marketing Tribunal”, to collect evidence, cxnmine the situation and report. Their 
Report is awaited as we write, and pending its ap]>earance the situation (nnnot bo more exhaustively 
analysed. Also, a collateral question is now being considered. The Tariff Commission, a body 
charged with investigating claims made b) manufacturers for tariffs on their produce, has been 
requested to consider favourably a proposal of an important duty of four pence pev lb. on butter 
Pending their examination of the evidence to lie placed before them and their ultimate recom¬ 
mendation, they have requested the Government to anticipate and prevent forestalling, *.<*., flooding 
the market with imported produce, a practice almost inevitable where foreign producers ft re see the 
possibility that a tariff wall may l>e emted against them. As an embargo ir not provided for in 
administrative machinery and would involve legislation and delay, the Government, with the support 
of the Oppositions, have, as a temporary prohibitive measure, fixed a tariff of £5 per cwt on imported 
butter. But whether the Commission will ultimately recommend a permanent import duty cannot 
he foreseen. Should they not do ro, the tariff now agreed upon will be cancelled, aliemntivol), it 
may be considerably reduced. 


6.—Minor co-operative activities 

It will be seen, then, that the increased turnover in sales for the co-operative movement in 1929 
is due, firstly, to the new dairying areas brought within the co-operative system and, secondly, to the 
big business effected by Irish Associated Creameries. Certain minor increases in the business of 
other co-operative types outer into the respective aggregates of the years under observation. That 
for the Irish Agricultural Wholesale Society has already been dealt with. The creameries in 1923 
sold, besides butter, goods main!} agricultural, value for £282,‘.57 and tho co-operative agricultural 
societies* total business is shown as £959 448, a total for this class of trade of £1,241,705; whilst the 
similar figures for 1929 arc £959,275 and £648,049, total £1,607,324. Bales of eggs other than those 
disposed of by co-operative poultry societies are to a small extent included in these figures and cannot 
be separately calculated. The percentage increase is, it will be noted, small. This is accounted for 
partly by general economic conditions and partly by the constant and unavoidable preoccupation of the 
Irish Agricultural Organisation Society with dairying, the branch of co-operative trading carried out 
under its aegis which is the most widespread, the most financially important and which makes 
relatively the least drain on its limited finances, as the dairy in g'socie ties are able to pay in affiliation 
foes and subscriptions a considerable fraction of these costs of travelling, organising and inspection 
incurred by the parent Society in its fosterage of them. This the agricultural societies cannot do. 
There are otne* reasons, too, why those societies which aim rather at effecting economies for thei? 
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members in the costs of fertilisers, seeds, equipment and other necessaries than at adding directly (as 
do the creameries) to their cash income have had a more difficult and less lucrative career. Many of 
them were started in the war and earlier post-war years, when the costs of goods in rural areas had 
come to render the purchase of certain farming necessities almost prohibitive. Yielding to the 
pressure of farmers all over the country, the Irish Agricultural Organisation Society accepted for 
affiliation a largor number of societies that! its limited and overworked staff found that it would 
ad*»quatcly superintend. These societies, in many cases under-capitalised, aiming chiefly at keeping 
down retail prices in the small rural areas they attempted to cater for, were managed by young or 
inexperienced managers and by committees of farmers, some of whom had but little ex^rience of 
business and perhaps less of co-operation. Moreover, the hurried manner of their organisation gave 
organisers insufficient opportunity to instil into the raemberohip an understanding loyalty to and a 
direct insight into the principles of co-operation, neglect or ignorance of which always proves to be 
bad business as well as leading to a lack of co-operative discipline. The immediate elects of the-»e 
societies on the position of fanners within their ambit were often significant and valuable : they 
brought prices down to a point at which fanners could satisfy their needs without exorbitant costs. 
But the competing retailers, realising that no other aim animated the rank and file fof the member¬ 
ship than to buy cheaply ami that so long as a co-operative society exists in an out-of-the-way place 
it becomes the price-fixer for the vicinity, often reduced their prices temporarily to or below the 
co-operative level. In such cases members, finding they could now purchase as cheaply from retailers 
as from the co-operative store, gave their orders to the local shops (some of them, jKjrhaps, run by 
their own relatives, others having a “ pull '* over those of the society members who were in their 
debt) and by starving their own society of trade, of capital and of cash (due for goods brought on 
credit) brought about its demise. Thou* weie many liquidations, hastened probably by the general 
unsettlemcnt of the postwai years and by the impossibility on the part of the Irish Agricultural 
Organisation Society of finding finances adequate to enable it to give societies the attention which 
this branch of eo-operathe effort required and would in time lepay. At present the inspection of 
these societies is earned on by the Irish Agricultural Wholesale Society, and their importance is 
reflected in its balance sheets. But it is worth noting that, whiKt as we have shown there has been 
a decline in their total trade, that deficiency is more than countered by the agricultural (as distin¬ 
guished from the dairying) trade of the creameries so that on balance business of this character shows 
an increase of about 22 per cent, on 1929—a proportion whose significance will be bettor understood 
if it is remembered that the costs of living figures of the latter year were about 5 per cent less than 
those of 1923, and the prices of goods retailed by these societies were also lower. There Aie other 
slight changes in the figures of these years; but the only one perhaps calling for comment is an 
increase for the societies (of which there are three) selling pig or meat products, or both, from 
£295,226 to £713,841. This increase is mainly due to the business of Irish Mint Ltd., an enterprise 
only recently doing an active business, which aims at securing for pig breeders in Munster and SouAl 
East Leinster the best prices for bacon pigs (loss, of course, cost of production and a small fixed 
interest on the capital supplied by the farmers themselves). 

In all the productive societies under notice, of course the main ultimate gain is never the interest 
on capital, but always the return to the producer of the full value of his produce, whether directly 
in the price paid for raw material, or indirectly in the form a so-called 44 bonus’* on trade, which 
may be looked upon as a distribution of profits to the producer in due proportion to the raw material 
supplied or—more exactly—since it is claimed that these arc not profit-making business in the correct 
use of that term—a disbursement to the producer of the actual proceeds (less the costs of running and 
capitalising the business) obtained from manufacturing his milk into batter or his pigs into bacon. 
The Societies which are distributive as distinct from productive aim at procuring for bfm the 
materials of the fanning industry at wholesale prices* 
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7.— T0U ffOTAL TUBKOVBl Of THB OO-OFIBAf IV* MOVEMENT. 

All the trading now under review works out at £11,178,556 as ^against £6,105,895, or, if the 
sales of local societies only be included and those of the two federations omitted, there is then a 
business of £7 # 929,674 for 1929 and of £5,228,258 for 1923. It is on the latter computation that 
the figures here cited, though not fully inclusive, can be relied on to the extent, at least, of establish* 
iog a rough proportion between the value of the co-operative trading of these two years of five 
to three in favour of the later one. Another figure is needed to complete this brief survey* A few 
agricultural banks or credit societies are working over nearly the whole period of the movement’s 
activities* One of the causes which prevented the co-operative agricultural societies from making 
further headway has been responsible for a slowing down of credit co-operation also: the inability 
of the propagandist body during times of economic stress to finance an activity indirectly economic 
but not directly money-bringing, i*«*, the organisation and inspection of societies neither actually 
trading nor directly affecting prices* Other causes also contributed: the faot that it is difficult to 
procure farming credits during an agricultural slump, the fact (on the other hand) that during the 
agricultural boom farmers did not need to borrow, lost interest in credit societies and allowed them 
to lapse. Two fillips have, however, been given to this imi>ortant, if humble and slender, form of 
relief for small fanners in need of economic short term credits. The Government, finding it neces¬ 
sary to enable farmers to re-stock lands, denuded of their cattle and sheep by reason of fluke disease 
and similar causes (brought on by a succession of severe winters in 1925 and subsequent years) 
utilised existing and new credit societies for the granting of loans for the purchase of stock and simi¬ 
lar purposes, the advances being on the basis of £2 for each £1 locally deposited in the credit society. 
(Subsequently, where owing to poverty or other causes the deposits were not forthcoming, the deposit 
proviso was waived). In the first classification the societies were allowed to borrow free of interest 
for three years, in the second (non-deposit societies) at 3 i>er cent. The advances were re-lent 
at 5 per cent up to a maximum loan per borrower of £50. Loans amounting to £84,795 in all were 
thus advanced and, in the view of the Department of Agriculture, with considerable benefit to thou¬ 
sands of farmers, thus enabled to “ re-populate ” their fields with jcattle and sheep. These loans are 
in course of repayment. A latter development has been a scheme whereby creameries can barrow 
from the Agricultural Credit Cor]x>ration—a registered Company largely State-financed for making 
advances to farmers—sums to be advanced to members on the security of their milk, handled by the 
creameries for purposes of butter making, such advances to be a debt due from the dairying society 
(the nominal borrower) to the Corporation, after the society’s committee (on the recommendation of 
an ad hoc sub-committee, which investigates applications for the loans) endorses the individual 
member’s request. Including these loans, which are portion of the creameries’ business, loans have 
been made to individual members by credit societies amounting to £86,234 in 1929 against £24,161 
in 1923. 

We arc now in a position to sum up broadly tho financial results for 1929. A grand total is 
reached for that year of £11,173,666 compared with £6,130, 056 for 1923. Neither total is abso¬ 
lutely inclusive of all tho business done, but no omissions or revisions would affect these proportions 
appreciably, each of the totals cited being probably a few thousands below the actual net business 
done, if every society’s turnover were known and available for inclusion. Only in two years, when 
costs of living were very high, has the movement had so large a turnover. These figures are a strik¬ 
ing commentary on the importance to Irish farmers of agricultural co-operation. The veiy serious 
condition of farming everywhere precludes taking too optimistic a view of the near future and it 
would be scarcely reasonable to hope that the results of the year now drawing to an end will dis¬ 
close equally satisfactory returns. Nevertheless the value to the Irish fanner of co-operative pro * 
duction, sale, purchase and credit remain unimpaired. Through it alone can he hope to obtain 
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reasonable control of his industry, reduce his working expenses by eliminating unnecessary middle 
costings, and place himself so far in command of the working of his industry as world conditions 
permit. It may be found that the severe drop in butter prices will seriously reduce the returns for 
Irish dairying for 1930, but the greater the financial strain to which the farmer is subjected, tbe 
greater is his need for the economies which the co-operative system places at his hand. 

Feeding Hevea rubber seed meal for milk production.-—W. B. Ellbit, C. W. 

Holdaway, J, F. Ehbabt, and L. D, Lasting. ( Virginia Stn. Tech. Bui . 41 {1930), pp. 12.) 

To determine the value of Hevea rubber seed meal, a by-product from the processing of the 
kernels of the seed of tho Para rubber tree, 2 groups of 2 cows each were fed by the reversal method. 
The basal ration for each group consisted of 20 lbs. of corn silage and 8 lbs. of alfalfa hay to which 
was added in one group 5 lbs. of Hevea rubber seed meal and in the other group 5 lbs. of linseed 
meal. The groups were fed in this manner through a 10-day preliminary and a 30-day milk pro¬ 
duction period, after which the rations were reversed for similar periods. While receiving the lubber 
seed meal, tho cows produced 1,937*9 lbs. of milk and 73*06 lbs. of butterfat, and during the lin¬ 
seed meal period they produced 1,779*4 lbs. of milk and 71*4 lbs. of butterfat. 

Digestibility trials with the same cows showed tho following coefficients of digestibility for the 
components of Hevea rubber seed meal: Dry matter 51*5 per cent., crude protein 71*3, other extract 
92-5, crude fibre 20 5 and nitrogen-free extract 58*1 per cent. 

Tho results of this study indicate that Hevea rubber seed meal may be used ns a medium protein 
concentrate in rations for dairy cows, that it is palatable, that it has no bad physiological effects, 
and that it is apparently equal to linseed meal for supporting milk production. [Reprinted from 
JExpto'ivnfint Station Record, Vol. 63, No. 6, October 1930.J 

A Study of Methods used in Washing and Sterilizing of Milking Machines 
and their oomp&rative value. {Indian a Stn . Rpt. 1929.) 

Milking machines were successfully washed by sucking at least 1*5 gal. of cold watev into the 
unit immediately after using. This was followed by sucking 1 gal. of hot water at a temperature of 
from 160 to 190° F. into the unit. This washing removed all the milk and heated tho metal and 
rubber parts to a temperature sufficient to dostory the majority of the bacteria. When the average 
air temperature was above 60° it was necessary to fill the teat cups and milk tubes witi sodium 
hypochlorite at a strength of 200 parts per million. [Reprinted from Experiment Station Record , 
^o\. 63, No. 0, October 1930.J 

Ten Points in Better Breeding and Ten Points in Better Feeding of Cattle.— 

The following is extracted from the U S. Department of Agriculture Leqflet No, bl entitled 
“Improving Cattle in Areas Freed of Ticks ”, by John R. Mohlar 

The following ten points in better breeding are essentials that should be kept in mind t 

Ten Point* in Better Bleeding. 

1. There is no best breed of livestock. There is more difference in earning pouer between 
individuals of the same breed than among breeds# 

2. Select and raise the breed best adapted to your locality. Encourage your neighbours to do 
likewise, for community breeding has many advantages. 

3* Use only pure-bred sires of good type and good blood lines. 

A Sell for slaughter or castrate all scrub, grade, and inferior pure-bred sires. 



468 AGBXOULTtTBK AMD LlVS-STOCK IN INDIA [t, iV. 

5. The use of pure-bred dams as well as sires will greatly hasten improvement In herds. 

6* Registration papers are the evidence of pure breeding. Best results in livestock improvement 
can be expected only when all eligible animals are registered and pedigrees carefully studied. 

7. All kinds of livestock ate more profitable when well fed and cared for; good breeding helps 
feed to give the best results. 

8. Keep breeding stock free from disease and parasites by close attention to sanitation and by 
prompt veteriuary treatment when needed. 

9. Inbreeding should be practised only by the most skilful breeders and by them only when they 
have detailed knowledge of the ancestry of the animal used. 

10. Keep records of performance of your brooding animals. 

Feeding Cattle. 

Pasture is usually the cheapest feed as well as one of the best for feeding either boof or dairy 
cattle. Ordinarily during spring and summer, when pastures are good, cattle require but little, if 
any, other food ; however, dairy cows which are giving a large fl >w of milk and boof cattle which 
are being fattened for market will usually produce greater returns when the pasture is supplemented 
by other feed. 

The limits of this leaflet do not permit a detailed discussion of feeding various kinds of cattle 
at different ages and at different seasons of the year, but the principal essentials of feeding may be 
gummed up briefly as follows. 


Ten Points in Better Feeding . 

1. Growing animals make the best use of feeds ; keep them growing. 

2. Weaning time is a critical period ; start feeding before weaning. 

3. Balanced rations supply animals* needs with least feed. 

4- Water and salt should always be accessible to animals. 

5. Legumes, pastures, and succulent feeds aid production and profit. 

6. Feed liberally for large production ; mere maintenance yields no profits. Also feed regularly. 

7. Breeding animals should bo kept thrifty, not overfat. 

8. Good feeding equipment prevents waste of feed and labour. 

9. Parasites, exposure, and overcrowding retard growth and waste feed. 

10. Feed costs are important; not all balanced rations yield equal profit. 



NOTES 

SUGAR REFINED FROM BUR IN INDIA IN I 921 - 3 C. 

Of the concerns in India equipped for refining gur or raw sugar, 19 are sugar 
factories whioh also manufacture sugar direct from cane and 14 are equipped for 
refining only. Of the former, only two refined gar during the season 1929-30, and 
of the latter, nine worked during the year, three were silent and returns from two 
have not been received. There were thus 11 factories refining gur as against 14 
during the season 1928-29. 

The figures of gur or raw sugar molted, sugar made and molasses obtained in 
the whole of India during the season 1929-30 are given below. The figures for 
the concerns in the United Provinces and Madras and the Punjab are also given 
separately for the information of those interested. 


Total for the United Provinces. 



1929-80 

1928-89 


Mds, 

Mds 

Gur or raw sugar melted. 

6,94,735 

7,30,880 

Sugar made. 

3.11,931 , 

3,82,848 

Molasses obtained. 

! 

2,22,635 

2,91,857 

8 

Total for Moiras and the Punjab . 


Gur or raw sugar melted. 

4,85,368 

7,01,885 


2,63,778 

4,08,898 

Molasses obtained •••••••• 

1,28,488 

8,17,581 

Grand Total for India* 



Gw or raw sugar malted • •••••• 

10^80,103 

• 

15,91,810 

Sugar made.. 

6,75,709 

8,44,845 


3,51,123 

5,77,899 


• ^ " MV 1 total for 1988-89 include# the flgane of Bihar and Oritaa. 
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A note published in Vol. I, pt. 2 of this Journal gives the total quantify of 
sugar produced by factories making sugar direct from cane for the two years 1929- 
30 and 1928-29 as follows :— 

1920-30 . 24,43,486 mds. or 89,708 tans. 

1928-20 . 18,52,322 „ „ 68,050 „ 

If the quantity of sugat refined from gur or raw sugar in India by modem pro¬ 
cesses during these two seasons be added to the above figures, the total production 
will amount to 30,19,195 maunds, or 110,918 tons in 1929-30, as compared with 
26,97,167 mds., or 99,088 tons, in 1928-29. 

The following table shows the production of sugar direct from cane and from 
refining gur or raw sugar during the last eleven seasons :— 


Production of Sugar. 



Direct from cane 
Maunds 

Itofmed from gur 
Maunds 

Total 

Maunds 

1919-20 . 

6,28,020 

1 2,11,274 

18,10,194 

1920-21 . 

6,69,291 

13,24,045 

19,93,937 

1921-22. 

7,63,638 

13,03,433 

20,67,071 

1922-23 . 

6,51,416 

13,68,126 

20,19,611 

1923-24 . 

10,44,866 

15,38,304 

25,83,160 

1924-25 . 

0,21,950 

9,16,121 

18,39,071 

1925-26 ....... 

14,45,001 

10,47,420 

24,92,481 

1926-27 . . .... 

17,16,426 

16,91,997 

33,08,423 

1927-28 . 

18,45,752 

14,16,926 

32,62,678 

1928-29 . 

18,62,322 

8,44,846 

26,97,167 

1929-30 . 

24,43,486 

6,75,709 

30,19,196 


It will be seen that the quantity of sugar refined from gur or raw sugar shows 
a marked decrease which is due to the fact that prices of sugar continued to decline; 
the increase of Es. 1-8 per cwt. in the import duty was praotically neutr alis ed by 
the continued fall in the world’s price of sugar and some refineries were unable to 
provide themselves with raw material for more than a few months’ working. The 
price of refining gur was also higher as will be seen from the following quotations 
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(price per maund) obtained from Siswa Bazar which is one of the principal markets 
for this commodity. 









Year 

1928 

Year 

1929 

Tear 

1990 

January . 

• 

• 

• 

• 

• 

• 

Bfl. 3 
to 

„ 3-10-0 

Rs. 3-9-0 
to 

„ 4-0-0 

.... 

February . 

• 

• 

• 

• 

• 

• 

Rs. 3-2-0 
to 

„ 3*14-0 

Rs. 3-14 0 
to 

„ 1-9-3 

Its. 4-3-0 
to 

„ 5-4-0 

March . 

• 

• 

• 

• 

• 

a 

Its. 3-4-0 
to 

„ 4-3-0 

Rs. 4-1-0 
to 

,, 4-12-0 

Rs. 4-6-0 
to 

„ 5-6-6 

April 

• 

• 

• 

• 

• 

• 

Up. 3-12-0 
to 

„ 4-7-0 

Rs. 4-3-0 

4 Co 

„ -14-0 

Rs. 4-8 0 
to 

„ 5-8-0 

May 







Rb. 3-14-0 
to 

„ 4-0-0 


Rs. 4-11 0 
to 

„ 5-8-0 


The recent further increase in the rate of import duty on all grades of Bugar 
excluding molasses, coupled with the fact that the prices of refining gur this season 
are lower (January 11)31—Rs. 2-14-0 to Rs. 3-7-0, February 1931—Rs. 2-14-0 to 
Rs. 3-5-0, March 1st two weeks—Rs. 2-14-6 to Rs. 3-6-6 per maund) and that 
molasBes are selling at a better figure, will, it is hoped, enable more refineries to 
work in the season 1931. * 

In conclusion, the writer wishes to express his obligations to the Managing 
Agents, Proprietors and Managers of the various concerns for kindly furnishing the 
figures worked up in this cote. [£. D. Naik.] 

POLLEN TUBE ENTRY INTO COTTON OVULE. 

Iu the course of the examination of an one-day old ovule in a withered cotton 
flower under the dissecting microscope, a small thread-like structure was found 
firmly attached to the micropylar end. A more detailed inspection revealed it to 
be a pollen tube. This observation was later on confirmed by the presence of 
similar tubes on a large number of ovules among the 7,000 ovules under study. 

These tubes were found to be quite intact even when the ovules were crushed and 
teased. (Plate XXXVIII). It was also noticed that the absence of any remnant 
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of a pollen tube at the micropylar ends of ovules of that age might be taken as a 
sure sign that the pollen tubes had not reached the ovules. 

Though the pollen tubes may be distinguished on an ovule, with a dissecting 
lens, they will be more clearly seen when the. ovules are examined, under the low 
power of microscope on a watch-glass containing a few drops of lactic phenol.* 
This observation will be very useful to demonstrate the entry of pollen tubes into 
ovules to the students who are accustomed to see them only in illustrations given in 
books, and also to study the relative rates of growth of pollen tubes without taking 
recourse to the tedious and time-consuming method of observing in microtome sec¬ 
tions. [G. h-BKHADRl AlYANGAR.] 

* Lactic phenol is a reagent that is generally used to stain protoplasm and pollen tubes in particular. 
It is made by adding 0‘1 grm. of cotton blue to 100 c. c. of liquid made up of equal parts of distilled 
water, cone, glycerine, Jaolic acid and 1 per cent, carbolic acid. A drop of glacial acetic acid added to a 
few drops of this, just before use, is very effective in making tlio pollen tube clearly visible. 

TREATMENT OF CATTLE INFESTED WITH WARBLES. 

The following instructions for treatment of cattle infested with warbles have 
been issued by the Warble Fly Committee of the Worshipful Company of Leather- 
sellers :— 

The committee have reviewed the various methods of killing warbles in the backs 
of cattle during the spring, and they confidently make the undermentioned recom¬ 
mendations to stock-owners:— 


Formula of dressing (Derris-soap-wash). 

(Used in the successful experiments carried out by the Worcestershire 
Agricultural Education Sub-Committee in 1929.) 

Quantities sufficient for one dressing of 120 cattle with average warble infesta¬ 


tion :— 

*Derris Powder ....... ... I lb. 

Soft Soap.d lb. 

Water.1 gallon. 


* The only form of Derr is Powder as yet approved by the Committee is sold under the name of 
“ Polvo ” by Cooper, MoDougall & Robertson, Ltd., Berkhamsted, Herts. The material is quite harm- 
lew to the flesh and hair of cattle. 

Preparation op dressing. 

Dissolve the soft soap in about one quart of boiling water and allow to cool; 
pour it gradually over the Denis Powder in a bucket, stirring well so as to wet every 
particle; make up to one gallon with cold water. 

The mixture is now ready for immediate use. Fresh material should be prepared 
and used at each dressing. 
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Application op dressing. 

For convenience among cattle provide a small bucket (or water-can with paitly 
covered top) to hang on left arm ; after well agitating pour in one or two quarts of 
the “ muddy ” liquid. Apply with small piece of soft cloth to warble lumps as 
follows:— 

“ With the right hand locate positions of all warbles on one side of the 
animal; rub each lump quickly with the “ muddy ” cloth to remove 
scab, if present; dress again in the same order with saturated cloth to 
ensure penetration of liquid through the hide punctures. Examine 
other «idc of animal and treat similarly. Look for warbles in front of 
shoulder and behind hip. l)o not miss young warbles under very 
small lumps.” 

With care a 100 per cent, kill may be obtianed. 

Timex op dressing. 

As all the warbles do not develop simultaneously, cattle must be examined, and 


dressed if required, at least four times. 



First dressing .... 

. . • 

. ^Middle of March. 

Second dressing .... 

. 

. 28 days later. 

Third „ .... 

. 

. 28 days later. 

Fourth „ ... 

. 

. 2S days later. 


♦In districts where it is nee ego ary to give tho firs' dressing at or before this period a fifth examina¬ 
tion, a* a safety precaution, is essential 28 days after the fourth dressing. Under Worcestershire condi¬ 
tions, the first dressing can be delayed until the 28th March ; four dressings in all are required. 

Cattle purchased between the fixed times of dressing must be treated immediate¬ 
ly upon arrival on the farm and before being turned out. 

Dressing tted-ui* cattle. 

Dairy cows in the milking shed or byre are easily and expeditiously dealt with. 

Dressing other cattle. 

Cattle that are loose must be collected in a closely confined space (a died or part 
of a yard), with just enough room for a man to move among them. One animal 
must be examined and dressed before another is commenced. 

Quantity op dressing required. 

For general guidance it may be assumed that, for a herd of 30 animals with an 
average warble infestation, 1 lb. of “ Folvo ” will be sufficient for the season, i.e., 
four dressings. 

If several of the animals have large numbers of warbles, double this amount may 
be required; even so, the cost of the material is relatively small. 
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Summer dressings to prevent egg-laying. 

In some quarters it has been suggested that summer dressings to prevent egg- 
laying might be effective. The Committee have carefully examined this question 
and cannot reoommend this method of treatment as a practical and effective 
measure for the control of the warble fly. 

AWARD OF THE MAYNARD-GANGA RAM PRIZE. 

In 1925, the late Sir Ganga Ram, Kt., C. I. E., M. V. 0., R. B., Lahore, with 
that generosity for which he was so well known, handed over to the Punjab Govern¬ 
ment a sum of Rs. 25,000 for the endowment of a prize of the value of Rs. 3,000 to 
be called the Maynard-Ganga Ram Prize and to be awarded every three years, for 
a discovery, or an invention, or a new practical method which will tend to increase 
agricultural production iu the Punjab on a paying basis. The competition is open 
to all throughout the world. Government servants are also eligible i o compete for 
it. 

Sixty-four entries were received in competition for the first award of this prize. 
Out of this number, however, only fourteen complied with the conditions of award. 
Four Committees of judges were appointed to examine and report on these entries. 
Their reports were considered finally by the Managing Committee of the prize on 
3rd March, 1931, when it was decided that the prize should be awarded to Dr. C. A. 
Barber, D.Sc., C.I.E., 294, Cherryhinton Road, Cambridge, for his fundamental 
discoveries which have resulted in the production of Coimbatore seedling sugarcanes. 
These canes have been definitely proved to be much higher yielders under Punjab 
conditions than the old indigenous varieties. The area under Coimbatore sugaipanes 
in the Province is increasing rapidly each year, and it is expected that they will 
totally replace indigerous varieties in a few yoars’ time. 

Applications for the next award should reach the Director of Agriculture, Punjab, 
Lahore, on or before the 31st December, 1932. 

HUMBERT-MARIE JOSE PRIZE. 

The following regulations for the grant of the Humbert-Marie Jos6 Prize have 
been approved by the Permanent Committee of Institut-Intemational d’ Agricul¬ 
ture, Rome:— 

1. An annual prize, which on account of the circumstances under which it was 
endowed is to be known as Humbert-Marie Jos6 Prize, is instituted for the best 
work in Agricultural Economics—comprising all problems relating to Economics and 
Agricultural Statistics. 
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The prize consists of a gold medal and a sum of 10,000 liras, and will be awarded 
by the Permanent Committee in all years, according to these regulations. 

The date (of receipt of work) expires on the 30th September and the award will 
take place on the 31st December 1930. 

2. The work of authors belonging to the countries adhering to the Institute and 
published in the course of the preceding two years will be alone admitted to the 
competition. 

3. If any work is published in many parts then it is admitted as a whole, at the 
period in which the final part has been published. 

4. A new edition of any work published previous to the period will not be 
admitted unless substantial changes or additions have been made. 

5. Work carried out by any member of the Jury will not be admitted to the 
competition, nor any work which has already been submitted to any International 
Competition and for which the author has received any prize in cash. 

6. An the close of each period the General Secretary of the Institute will invite 
the members of the Committee for Rural Economics and Statistics of the Inter¬ 
national Council for Scientific Agriculture of the Institute, as well as of the Com¬ 
mittee for Agricultural Economics, to forward G copies of work carried out by their 
respective countrymen, which in their opinion deserve to be submitterl to the Inter¬ 
national Jury by reason of their scientific merit. He may, if necessary, point out 
an y publications known to him which conform to the conditions of the compe¬ 
tition. 

The members of the International Council of Scientific Agriculture and of the 
Committee for Agricultural Economics who forward any work for the competition 
should also send with the copies of the work in all important cases, a brief report 
indicating the nature and contents of the work as well as their personal appreciation 
of its scientific character. 

Works transmitted directly by the authors to the Institute will be sent by the 
General Secretary to a member of the Competent Section of the International 
Council of Scientific Agriculture or of the Committee for Agricultural Economics 
for report as mentioned above. 

7. The final judgment in the competition will be given by a Jury composed of 5 
members consisting of the President of the Institute, and 4 members nominated 
from among the members of the International Council of Scientific Agriculture and 
the Committee for Agricultural Economics. The selection will be made in such a 
manner that the Jury will be composed of men belonging to 5 different * patfonali- 
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ties. Each member of the Jury may have a substitute only of the same nation¬ 
ality. 

8. A copy of all the works presented to the competition and of the reports ac¬ 
companying them will be sent to each member of the Jury. The Jury cannot 
examine any other work besides those officially sent to them. 

9. Each member of the Jury after examining the works will draw up his order 
of preference and transmit it to the General Secretary. If any work placed at the 
top obtains 3 votes, then the prize is awarded. If no work obtains 3 votes, the 
General Secretary will draw up a list composed of two works placed at the top of 
the list obtaining the greatest number of votes, and send it to the members of the 
Jury for a fresh ballot. The result of the second voting will determine the prize. 

N*B .—Expiry of the second period for the presentation of work : 30th September 1931 ; Grant of 
the Prise : 31st December 1931. 



Personal Notes, Appointments and Transfers, Meet¬ 
ings and Conferences, etc. 


The Hon’ble Sir C. P. Ramaswami Avyar, K.C.I.B., has been elected by the 
Council of State as its representative on ihe Imperial Council of Agricultural Re¬ 


search. 

is 


Maul vi Muhammad Shafer Daoodi, M.LA., and Lala Hari Raj Swaroop, 
M.L.A., have been elected by the Legislative Assembly as its representatives on the 
Imperial Council of Agricultural Research. 


His Excellency the Governor General in Council has been pleased to appoint the 
following to be members of the Imperial Council of Agricultural Research:— 

(1) Revenue Member of His Exalted Highness the Nizam’s Government. 

(2) Director, Veterinary Services in India. 

(3) Director of the Agricultural Department of His Exalted Highness the 

Nizam’s Government. 

(4) Director of the Veterinary Department of Bis Exalted Highness the 
Nizam’s Government. 

(5) Chief Publicity Officer, Indian State Railways. 

(6) Mr. S. M. A. Shah, B.Sc., Superintendent, Civil Veterinary Department, 

North-West Frontier Province. * 


Mr. A. D. Blaecbecx, F.C.H., Oec. D., I.F.S., Inspector-General of Forests, 
has been nominated by the Government of India as the representative of the 
Forest Research Institute, Dehra Dun, on the Imperial Council of Agricultural Re¬ 
search. 

fi 


Mr. D. Milne, C.I.E., B.Sc., I.A.S., Director of Agriculture, Punjab, has been 
appointed to officiate as Agricultural Expert, Imperial Council of Agricultural Re¬ 
search, vice Mr. B. C. Burt on leave. 

( 477 ) 
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The Services of Mr. T. S. Sabnw, M.Sc., I.A.S., temporary Hemp Marketing 
Officer, Imperial Council of Agricultural Research, have been replaced at the dis¬ 
posal of the Government of the United Provinces, with effect from the 17th April 
1931. 

M 


Mr. G. R. Dutt, B.A., temporary Entomologist, Locust Bureau, Imperial Coun¬ 
cil of Agricultural Research, relinquished charge of his post on the afternoon of 
the 11th April, 1931. 

SR 


Dr. W. H. Harrison, D.Sc., I.A.S., Imperial Agricultural Chemist and Joint 
Director, Imperial Institute of Agricultural Research, Pusa, has been granted com¬ 
bined leave from the 7th March to 15th October, 1931, preparatory to retirement. 


Dr. W. McRae, D.So., I.A.S., Imperial Mycologist, has been appointed Joint 
Director of the Imperial Institute of Agricultural Research, Pusa, vice Dr. Harrison 
on leave. 


Dr. B. A. Keen, D.Sc., F.Inst.P., Director, Imperial Institute of Agricultural 
Research, Pusa, assumed charge of the duties of the Imperial Agricultural Chemist, 
in addition to his own, with effect from the afternoon of the 6th March, 1931. _ 


In consequence of vacancies caused by the retirement of nominated members 
with effect from the 1st April, 1931, the following have been nominated to be 
members of the Indian Central Cotton Committee, Bombay:— 

Seth Naranlal Jivanlal —to represent the Abmedabad Millowners’ Association. 
Mr. Chunilal B. Mehta —to represent the Indian Merchants’ Chamber, Bombay. 
Mr. D. McCallum —to represent the Karachi Chamber of Commerce. 


Mr. Mohamad Azhar Ali, M. L. A., of Lucknow, has been appointed a Member 
of the Indian Central Cotton Committee, Bombay. 
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Madras. 

Mb. M. Govinada Kidavu, Dip. Agri., Deputy Director of Agriculture, 
Fourth Circle, Madras Presidency, has been granted combined leave for six months 
and 17 days from the 8th April, 1931. 


Mr. Y. Ramanatha Ayyar, L.Ag., Offg. Cotton Specialist, Madras Presidency, 
has been granted leave on average salary for four months with effect from the 15th 
April, 1931. 

m 


Mr. G. N. Rangaswami Ayyangab, B.A., I.A.S., Millet Specialist, Coimbatore, 
will hold additional charge of the Cotton Specialist during the absence, on leave, of 
Mr. Ramanatha Ayyar. 


Rao Bahadur B. Viswanath, F. I. C., F. C. S., Agricultural Chemist, Coimbatore, 
has been granted leave on average jay for forr months with effect from the 1st 
March, 1931, or date of relief. 


Mr. K. S. Viswanatha Ayyar, B.A., has been appointed to act as Agricultural 
Chemist, Coimbatore, vice Rao Bahadur B. Viswanath on leave. 


Mr. K. Ramlah, L.Ag., M.Sc., Dip. Agri., has been appointed Paddy Specialist, 
Coimbatore, with effect from the 27th July, 1930. 


Mr. F. H. Butcher, Curator, Government Botanical Gardens and Parks, Ootaca* 
mund, has been granted leave on average pay for eight months with effect from the 
1st April, 1931. 

m 

Mb. D. G. Mur no, B.Sc., I.A.S., Deputy Director of Agriculture, VIII Circle, 
Madras Presidency, has been placed in charge of the Agricultural Research Station, 
Nanjanad, and the fruit stations at Coonoor, Berber and Kallar, in ad di tion to his 
own duties, vice Mr. Butcher on leave. 

2 a 
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Mb. V. Narayanabwami Ayyar, M.A., 0%. Systematic Botanist, Coimbatore, 
has been placed in charge of the Botanical Gardens at Ootacamnnd and Sun's 
Park at Coonoor, in addition to his own duties, vice Mr. Butcher on leave. 


Mb. T. J. Hurley, M. R. C. V. S., D. V. S. M., I. Y. S., Principal, Madras 
Veterinary College, has been granted leave on average pay for five months with 
effect from the 2nd July, 1931, with permission to prefix the midsummer vacation. 

Bombay. 

Mr. W. M. Sohutte, A. M. I. Mech. E., M. R. A. S. E., Agricultural Engineer 
to Government, Bombay, has been granted combined leave from the 20th Septem¬ 
ber, 1931, to the 13th November, 1933. 

Dr. G. S. Cheema, D. So., Horticulturist to Government, Bombay, has been 
granted leave on average pay for six months and 15 days with effect from the 10th 
May, 1931. 

H 


Mr. H. P. Paranjpye, District Horticultural Officer, Poona, has been appointed 
to act as Horticulturist to Government, Bombay, vice Dr. G. S. Cheema on leave. 

Rao Bahadur D. L. Sahas rabuphe, M.Ag., M.So., Agricultural Chemist 
to Government, Bombay, has been placed on special duty for a period of three 
months in connection with the collection of data on manurial experiments . 


Mr. V. N. Gokhale has been appointed to act as Agricultural Chemist to 
Government, Bombay, vice Rao Bahadur D. L. Sahasrabudhe placed on special 
duty. 


Bengal. 

Mb. F. J. Gossip, Live-stock Expert to the Government of Bengal, has been 
granted leave on average pay for eight months with effect from the 26th March, 
1931. 
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Mb. Jadu Nath Sarkab, M.S.A., has been appointed to aot as Deputy 
Director of Agriculture, Western Circle, in the Bengal Higher Agricultural Service, 
with effect from the 1st May, 1930. 


Mr. Dwijadas Datta, B.Sc., M.S.A., has been appointed to act as Second 
Economic Botanist to the Government of Bengal, in the Bengal Higher Agricultural 
Service, with effect from the 1st May, 1930. 


Mr. Abdul Bashid Malik, M.A., B.Sc., lias been appointed to act as Deputy 
Director of Agriculture, Northern Circle, in the Bengal Higher Agricultural Service, 
with effect from the 1st May, 1930. 


Mr. P. J. Kerr, M.K.C.V.S., I.Y.S., Veterinary Adviser to the Government 
of Bengal, has been granted combined leave for six months and 19 days with effect 
from the 26th March, 1931. 


Mr. A. D. MacGregor, F. B. C. V. S., I. V. S., Principal, Bengal Veterinary 
College, has been appointed to officiate as Veterinary Adviser to the Government of 
Bengal, in addition to his own duties, during the absence, on leave, of Mr. P. J. Kerr. 


Punjab. 


Mr. H. B. Stewart, F. B. C. Sc. I., D. I. C., N.D.A., I.A.S., Assistant Director 
•of Agriculture, Punjab, has been appointed to officiate as Director of Agriculture, 
Punjab, Lahoro, with effect from the afternoon of the 31st March, 1931, vice Mr. 
D. Milne appointed to officiate as Agricultural Expert, Imperial Council of Agri¬ 
cultural Besearch. 

m 


Sardab Darshan Singh, M. B. A. C., F. B. H. S., M. B. A. S., I. A. S., Deputy 
Director of Agriculture, Punjab, has been promoted to the selection grade in the 
I. A. S., with effect from the 1st January, 1931. 
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Mb. D. P. Johnston, A. R. C. Sc. I., N. D. A., I. A. S., 0% Professor of 
Agriculture, Punjab Agricultural College, Lyallpur, has been granted combined 
leave for 8J months with effect from the 21st February, 1931. 


Sabdab Labs Singh, L.Ag., B.Sc. (Agbi.), has been placed incharge of 
the duties of the Professor of Agriculture, Punjab Agricultural College, Lyallpur, 
with effect from the 21st February, 1931, vice Mr. D. P. Johnston on leave. 


Sabdab Eabtab Singh, L.Ag., B.Sc., (Agbi.), N. D. D., has been placed 
incharge of the duties of Associate Professor of Agriculture, Punjab Agricultural 
College, Lyallpur, with effect from the 21st February, 1931, vice Sardar Labh Singh 
placed incharge of the duties of Professor of Agriculture. 


On the termination of the temporary post of Entomologist to Government, 
Punjab, in the Indian Agricultural Service, held by him, Mb. M. Apzal Husain, 
M.Sc., M.A., I.A.S., has been appointed to the post of Entomologist to Government, 
Punjab, in the Punjab Agricultural Service, Class I, from the 17th September, 
1930. 

m 


Mb. T. A. Milleb Bbownlie, C. E., M. I. W. E., M. I. M. and C. E., Agricul¬ 
tural Engineer to Government, Punjab, and Principal, Punjab Agricultural College, 
Lyallpur, haB been granted leave for eight months with effect from the 11th 
March, 1931. 


Db. P. E. Landeb, M. A., D. So., A. I. C., I. A. S., Agricultural Chemist to 
Government, Punjab, has been appointed to officiate as Principal, Agricultural 
College, Lyallpur, in addition to his own duties, with effect from the 11th March, 
1931, vice Mr. Miller Brownlie on leave. 


Shaikh Mahbub Elahi, C. E., A. M. I. W. E., M. R. S. I., Second Agricultural 
Engineer to Government, Punjab, has been placed incharge of the duties of Agri¬ 
cultural Engineer to Government, Punjab, with effect from the 11th March, 1931, 
vice Mr. Miller Brownlie on leave. 
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Mb. R. Branford, M. R. 0. V. 8., I. V. 8., Livestock Officer to Government, 
Punjab, retired from Government service with effect from the 15th November, 
1930. 

ii 

The appointment of the following officers to special temporary posts in the Civil 
Veterinary Department, Punjab, has been extended for a further period of one year 
with effect from the dates noted against each:— 

Saiyed Mcbarak Am Shah Gilani, B.Sc., M.R.C.V.S.—30th July, 1030. 
Lala Pran Nath Nanda, M.R.C.V.S.—30th July, 1930. 

Lala Ram Rattan Ghulati, M.R.O.V.S.—nth November, 1930. 

Sardar Santokh Singh, B.A., B.So. (Agri.), N.D.D.—16th January, 1931. 
Lala Bau Nath Handa, B.So., M.R.C.V.S.—12th March, 1931. 

Saiyed Iqbal Ali Shah, M.R.C.V.S.—22nd March, 1931. 


The appointment of Lala Amin Chand Aggarwala, B.So., M.R.O.V.S., as 
Professor of Hygiene and Dietetics at the Punjab Veterinaiy College, Lahore, has 
been extended for a further period of one year from the 19th January, 1931. 


Burma. 

On return from leave, Mr. A. McKerral, M.A., B.Sc., I.A.S.. has been 
reposted to the charge of the office of the Director of Agriculture, Burma, with effect 
from the 23rd February, 1931. * 

ii 

Me. T. D. Stock, D.I.C., A.B.C.S., B.So., I.A.S., Deputy Director of Agricul¬ 
ture, Burma, has been granted combined leave for eight months with effect from 
the 13th March, 1931. 

ii 

Mr. D. Rhind, B.Sc., I.A.S., Economic Botanist, Burma, has been granted 
combined leave for eight months with effect from the 14th April, 1931. 


Mr. H. F. Robertson, B.So., I.A.S., Professor of Agriculture, Agricultural 
College, Mandalay, has been appointed to officiate as Economic Botanist, Burma, 
in addition to his own duties, vice Mr. Rhind on leave. 
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Central Provinces. 

Rai Sahib Bhaitalal Dube, L.Ag., has been posted as Deputy Director of 
Agriculture, North-Western and Plateau Circle, Central Provinces, with effect from 
the 16th January, 1931. 

Mr. D. V. Bal, L.Ag. (Hons.), F.C.S., has been appointed to officiate in the 
Central Provinces Agricultural Service, Class I, as Agricultural Chemist, Central 
Provinces, with effect from the date on which he assumes charge of his duties. 

m 

Assam. 

Mr. A. G. Birt has been appointed Director of Agriculture, Assam, with effect 
from the 1st April, 1931. 



REVIEW 


The Milk Problem of the City of Hyderabad and the British Administered 
Areas.— By R. R. Joshy, O.B.V.C., His Exalted Highness the Nizam’s Civil 
Veterinary Department. 

In this pamphlet the author, after reviewing the conditions under which milk 
is produced and supplied to the areas dealt with, makes numerous suggestions for 
improvement whioh, though the practicability of some of them under existing 
circumstances is open to doubt, should undoubtedly result in a much improved milk- 
supply. In his recommendations, State and municipal assistance are relied on to a 
large extent; for the provision of more adequate supplies of forage; for the 
co-operative organization of dairying; and for the education of the public as to the 
great value to health of an adequate and pure milk-supply. 

That such assistance is much to be desired there is no doubt, particularly in the 
early stages of establishing a satisfactory milk industry. Experience has, however, 
shown that an industry must eventually be compelled to set its own house in order, 
by improved business methods and co-operation, in order to meet a demand for a 
better and cleaner milk by an enlightened public. 

The firBt step in ensuring such a demand is a system of government or muni¬ 
cipal testing, for butter-fat and bacterial content, which will ensure that the milk 
delivered to consumers is reasonably pure and clean at the time of delivery. Such a 
system of testing is now applied, at government or municipal expense, in every 
enlightened community. Without such assistance and the power, supported by 
educated public opinion, to punish delinquents, no great advance can be expected. 

So long as it is more profitable and quite safe to supply a debased product, 
human nature being what it is, the ordinary milk vendor can hardly be expected 
to incur the added expense and trouble involved in the supply of milk of a higher 
grade [A. 0.] 
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CORRESPONDENCE 

THE WHITE-FLY OF COTTON. 


To 


The Editor, Agriculture and Livestock in India . 


Sir, 

“ I h&ve read with much interest Mr. Husain's detailed note on the “ White- 
fly ” of cotton in the November (1930) issue of the Agricultural Journal of India (Vol. 
XXV, Pt. VI). His criticism of my contribution is eminently fair and I admit 
forthwith it is a case of ‘ touche ' in one or two instances. 

As regards the relative infestation of 289F and 4F, it appears that, up to August, 
289F showed distinctly less infestation than 4F. There is some indication that 
early spraying is more effective than late spraying and the July attacks might 
possibly affect yield more than August-September attacks. Be that as it may, we 
are told nothing re ultimate yields of the plots or plants compared. Without that 
the method employed means very little. In my articles I have quoted relative 
average yields of 4F and 289F for several years, and it is quite obvious from those 
figures that, whatever the cause, 289F is far more imm une than 4F. Our observa¬ 
tions during bad years such as 1928 and 1929 at Khanewal, though lacking the 
scientific precision of Mr. HiiBain, certainly indicated heavier infestation of 4F. 

Further the cage experiments give strong indications, which are fully confirmed 
in this last season's work, re the vital importance of “ White fly ” as it affects 
yields. The ‘ disease ' or failure of the crop is more important to me than the 
“ White-fly " as such, but even so Mr. Husain's and Mr. Trehan's researches go to 
prove more and more that “ White-fly " is the vital factor in the case. 

As regards the “ White-fly ” not having been connected with the failure of the 
crop prior to 1928 when Mr. Thomas drew attention to it, the fact is remarkable 
that the survey done that year under Mr. Husain's directions showed “ White-fly " 
to be very prevalent in the identical tracts where the crop suffered in that a nd 
previous years. 

/2e 3F in 1913, Mr. Husain is probably right re Jassid being the main cause, 
but the writer recalls a remark of the late Mr. Howlett during a visit to Lyallpur 

( *86 ) 
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about 1914 in which he said that he found much more “ White-fly ” about, in the 
cotton, than Jassid, and he doubted whether we were always accurate in our 
nomenclature. 

My colleague Mr. Roger Thomas has prepared a note on the “ White-fly ” 
which will, I think, throw some further light on the cotton failure. 

I. should like, in closing, to pay a tribute to the excellent work being done by 
Mr. Husain and his Assistant, Mr. Trehan, in the study of the “ White-fly ” during 
the last two years.*' 

Tours faithfully, 

W. Roberts. 



NEW BOOKS 


On Agriculture and Allied Subjects. 

1. Environment and Plant Development. By Henrik Lundegardh. Man¬ 
dated and edited from the Second German Edition by Eric Ashby, pp. xh+330+8 
plates. (London : Edward Arnold and Co., 1931.) 24s. net. 

2. A Text-book of Economic Zoology. By Z. P. Metcalf. Pp. 392. (London : 
Henry Kimpton, 1931.) 18s. net. 

3. Chinese Farm Economy : a study of 2866 Farms in Seventeen Localities 
and Seven Provinces in China. By Jehn Lossing Buck. Published for the Univer¬ 
sity of Hanking and the China Council of the Institute of Pacific Relations. Pp. 
xix+476. (Chicago: University of Chicago Press, London; Cambridge Univer¬ 
sity Press, 1931.) 22s. Gd. net. 

4. The Place of Agriculture in American Life. By Wilson Gee. (The World 
of to-day Bookshelf.) Pp. ix+217. (New York : The Macmillan and Co., 1930.) 
8«. 6d. net. 

5. Crop Production, Principles and Practices : a Handbook of Information for 
the Student of Agriculture. By Harold D. Hughes and Edwin R. Henson. Pp. 
x+816. (New York : The Macmillan and Co., 1930.) 25s. net. 

6. The Microscopic Examination of Cattle Foods : a Text-Book for the 
Diagnosis of Cattle Food Materials, including a Description of the Plant Ingre¬ 
dients commonly used in Cattle Cakes and Meals, Methods of preparing Samples 
for Analysis and Five Tables of comparison. By S. T. Parkinson and W. L. 
Fielding. Pp. vm + 97 (15 plates). (Ashford and London: Headley Brothers, 
1930.) 6s. 6 d. net. 

7. Guide to the Study of Animal Parasites. By Dr. William A. Riley and 
Reed. 0. Christenson. (McGraw-Hill Publications in the Zoological Sciences.) 
Pp. xv+131. (New York : McGraw-Hill Book Co., Inc.; London : McGraw-Hill 
Publishing Co., Ltd., 1930.) 7s. Gd. net. 

8. Physiology and Biochemistry of Bacteria. By Professor R. E. Buchanan 
and Prof. Ellis. I. Fulmer. Vol. I; Growth Phases ; Composition and Biophysical 
Chemistry of Bacteria, their Environment and Energetics. Pp. xx+516. 34s. net. 
Vol. 2 : Effects of Environment upon Microorganisms. Pp. xvn + 709. 34s. net. 
Vol. 3 : Effects of Microorganisms on Environment ; Fermentative and other Changes 
Produced. Pp. xv + 575. 34s. net. (London : Bailliere, Tindall and Cox, Vol* 1, 
1928 ; Vol*. 2 and 3,1930.) 


( 488 ) 



NEW BOOKS ON AOBIOOLTOBX 


489 


9. Medical Research Counoil. A System of Bacteriology in relation to Medi* 
cine. Vol. 7. By C. H. Andrews, J. A. Arkwright, S. P. Bedson, F. R. Blaxall, 
F. M. Burnet, J. Burton Cleland, A. Felix, G. Marshall Findlay, W. Fletcher, I. A. 
Gafl|fay, M. H. Cordon, J. G. Greenfield, W. E. Gye, W. F. Harvey, E. Hindle, 
P. P. Laidlaw, J. C. G. Ledingham, R. J. Ludford, J. E. McCartney, J. McIntosh, 
A. G. McKendrick, H. B. Maitland, M. S. Mayou, R. !• t. John-Brooks, J. Henderson 
Smith, A. Theiler, C. Todd, J. Walker, Pp. 509. (London: H. M. Stationery 
OfiSce, 1930.) 21s. net. 

The following publications have been issued by the Imperial Department of 
Agriculture since our last issue : 


Memoirs. 

1. Effects of Some Meteorological Conditions on the Growth of Punjab-Ameri¬ 
can Cotton, by Trevot Trought, M.A. (Botanical Series, Vol. XVII, No. 6). Price, 
As. 7 or 9d. 

2. Inheritance of Characters in Rice, Part IV, by K. Ramiah, L. Ag. (Madras), 
M. Sc., Dip. Agri. (Cantab.), and S. Jobitharaj, B.A., and S. Dharmalinga Mudaliar, 
L. Ag. (Botanical Series, Vol. XVIII, No. 8). Price, Re. 1-6 or 2s. 3d. 

3. A Leafspot Disease of Andropogon Sorghum caused by Cercospora Sorghi 
E. & E., by T. S. Ramakrishnan, M. A. (Botanical Series, Vol. XVIII, No. 9). 
Price, As. 10 or Is. 

2. A Contribution towards our knowledge of the Aleyrodidae (White Flies) of 
India, by Karam Singh, M. Sc.; A New Coccid injurious to Fruit Trees in Balu¬ 
chistan, by F. Laing (Entomological Series, Vol. XII, Nos. 1 and 2). Price, Rs. 3-2 
or 5s. 6d. 


Bulletin. 

5. List of Publications on Indian Entomology, 1929. Compiled by the 
Imperial Entomologist, Pusa. (Pusa Bulletin No. 207.) Price, As. 10 or 1*. 


MGIPO— SI—1H-1 -33—20 -7-81—2000. 






ORIGINAL ARTICLES 


DAIRY FARM BUILDINGS IN INDIA. 

BY 

W. SMITH, 

Imperial Dairy Expert . 

The problem of dairy farm buildings in a tropical country like India is simpler 
than that which meets the cow owner in the more temperate parts of the world. 
Generally speaking, Indian dairy cattle only require occasional or seasonal shelter, as 
opposed to housing for half the year in the colder countries, and in this connection 
it should be stated at the outset of this article that the best and most economical 
way to keep and rear dairy stock of all kinds, in so far as housing is concerned in 
the plains of India, is to permit the animals to be at liberty at all times except 
when being fed or milked, and to provide for them roofed shelter from cold wind 
and rain that they can take advantage of when they want to. If this system be 
followed, it means that outside of residences of staff, the only buildings with really 
pucca floor, walls or supports as the case nny be, and roofs, absolutely essential in 
Indian dairy farming are the dairy proper or milk handling room, the wash-up or 
can-sterilising room milking shed and milk recording room, this latter being only 
necessary in large dairies ; in smaller concerns recording can be done in the milking 
shed. Of course under certain circumstances where capital is available, it is profit¬ 
able and desirable that many other of the dairy buildings such as grain stores, 
hospital, etc., should be pucca in every respect, but essentially only the aforemen¬ 
tioned buildings must be pucca in order to maintain that standard of cleanliness 
which is necessary from an economic as well as from a hygienic point of view. 

When reduced to the minimum of expense from the building point of view, 
what the Indian dairy farmer wants is fenced paddocks in which the various classes 
of his stock can be kept when they are not on the grazing grounds, and every such 
paddock must have shelter, a supply of drinking water, and arrangements made to 
enable the cattle to have fodder always before them without the likelihood of their 
wasting it by trampling it under foot. Shelter houses in paddocks may be of any 
elass or type, but they should have water-tight roofing and be walled in on the side 
s*nd end from which the prevailing wind of the district blows. It is a good an to 
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have trou gh jug inside the shelter sheds but this is not essential. Flans 1,2,3 and 
Plate XXt&T II, fig. 1 illustrate different types of paddock shelters in use in India 
all of which are effective and none of 'them costly. * Aa to the water-supply to 
paddooks the type of circular water tank shown in Plan 4 can supply water to four 
different paddooks when plaoed at the point where the four paddocks or 
enclosures touch as shown in the illustration. 

In the establishment of a dairy farm, the lay-out of the buildings or their 
arrangement on the site in relation to one another is of great importance. A site 
selected for a dairy farm should have a natural slope sufficient to permit the wash¬ 
ings and drainage to naturally flow off the area, and next to general efficiency and 
easy facility for working, the most important factor to be considered, in a lay-out 
of daily farm buildings, is the protection of the stock from disease infection. The 
lay-out should be so planned that no animals of any kind other than the herd of the 
owner would require to come into or near to the yard or paddocks where the herd 
are kept and fed or milked. Carts bringing in fodder or grain or other stores, milk 
delivery oarts, strange animals and dogs, goats or sheep, Bhould when possible be 
prevented from entering the cattle-yard and the farm should be so arranged that 
the herd pass to and from their grazings to their night paddocks and milking shed 
without crossing public roads or areas frequented by outside domestic animals. 

Plan 5 shows an ideal lay-out for a small dairy farm with a herd of from 50 
to 100 milch cattle with dairy, wash-up room and milking shed only of pucca 
construction and all the other buildings of a cheap and semi-temporary type. As 
the Indian cow requires her calf with her at milking time, the calf BhoJ is located 
near to the milking shed and the whole arrangement planned so that the cattle 
come and go for grazing, milking and shelter without coming into contact with the 
outside world of cattle around them. * 

Plan 6 depicts a suggested lay-out for a large dairy or cattle-breeding farm 
where all the cows are milked and where a milking stall is provided foi each 
animal in milk as against the milking shed of the colonial type shown in figure 5. 
The colonial type of milking shed is designed so that the cow passes into the milk¬ 
ing stall from behind and is tied up for milking, and after milking she is released 
and passes ou through the milking stall to be followed by another cow to be milked 
on the same standing. In this type of milking Bhed one milking bail or stall will 
suffice for anything from three to ten cows and consequently a considerable saving 
in first cost is effected by its adoption. This type of milking shed is not however 
suitable where, as in large cattle-breeding farms, it is desirable to feed the Animal 
its oonoentrate ration mixed with chopped fodder whilst being milked, or where it 
is desirable to keep the animals housed for a lengthy period, or to have a note of 
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have troughing inside the shelter sheds but this is not essential, Plans 1,2, 3 and 
Plate XX’XdTT, fig. 1 illustrate different types of paddock shelters in use in India 
allofwhioh ate effective and none of them costly. Asto the water-supply to 
paddooks the type of circular water tank shown in Plan 4 can supply water to four 
different paddooks whon placed at the point where the four paddooks or 
enclosures touch as shown in the illustration. 

In the establishment of a dairy farm, the lay-out of the buildings or their 
arrangement on the site in relation to one another is of great impoitanco. A site 
selected for a dairy farm should have a natural slope sufficient to permit (he wash¬ 
ings and drainage to naturally flow off the area, and next to general efficiency and 
easy facility for working, the most important factor to be considered, in a lay-out 
of dairy farm buildings, is the protection of the stock from disease infection. The 
lay-out should be so planned that no animals of any kind other than the herd of tho 
owner would require to come into or near to the yard or paddooks where the herd 
are kept and fed or milked. Carts bringing in fodder or grain or other stores, milk 
delivery carts, strange animals and dogs, goats or sheep, should when possible be 
prevented from entering the cattle-yard and the farm should be so arranged that 
the herd pass to and from their grazings to their night paddocks and milking shed 
without crossing public roads or areas frequented by outside domestic animals. 

Plan 5 shows an ideal lay-out for a small dairy farm with a herd of from 50 
to 100 milch cattle with dairy, wash-up room and milking shed only of pucca 
construction and all the other buildings of a cheap and semi-temporary type. As 
the Indian cow requires her calf with her at milking time, the calf sheil is looated 
near to the milking shed and the whole arrangement planned so that the cattle 
come and go for grazing, milking, and shelter without coming into contact with.the 
outside world of cattle around them. 

Plan 6 depicts a suggested lay-out for a large dairy or cattle-breeding farm 
where all the cows are milked and where a milking stall is provided foi each 
animal in milk as against the milking shed of the colonial type shown in figure 5. 
The colonial type of milking shed is designed so that the cow passes into the milk¬ 
ing stall from behind and is tied up for milking, and after milking she is released 
and passes on through the milking stall to be followed by another cow to be milked 
on the same standing. In this type of milking shed one milking bail or stall will 
suffice for anything from three to ten cows and consequently a considerable saving 
in first cost is effected by its adoption. This type of milking shed is not however 
suitable where, as in large cattle-breeding farms, it is desirable to feed the animal 
its oonoentrate ration mixed with chopped fodder whilst being milked, or where it 
is desirable to keep the animals housed for a lengthy period, or to have a note of 
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Fig. 2.—Bull Paddock at Bangalore Farm showing Shelter Shed, 





HlATE XXXIV. 



Fig 2 Interior ol Cattle Shed at Bangalore farm showing stanchions and rartitions. 
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the breed and performance record of eaoh oow on a record plate over each animal. 
Plan 7 is a sketoh of a colonial type milking shed designed by Lieutenant-Colonel 
Matson, and recently erected at the Military Dairy Farm, Secunderabad, 

It will be Been from these sketches that three record plates are fixed over each stall, 
denoting that the same three cattle are milked one after the other in the same bail 
daily, the record plates bearing the milk yields and breed particulars of the three 
animals using the stall over which the plates are fixed. 

For the colonial milking shed where a number of cows are milked daily in the 
same stall a light chain is the best tethering medium ; but for cow sheds where the 
cattle are housed in the stall for any length of time the all-steel spring stanchion 
is the best for holding the cattle. These stanchions are lasting and the cow can be 
secured in a moment; cattle are perfectly comfortable in these stanchions and can 
lie down and lick any part of thoir body whilst in the bail. This type of stanchion 
used with a properly fixed partition of steel piping between each animal prevents 
the cattle fiom moving against their neighbours and ftom backing on to the foot 
passage and fouling the cow shed. Plate XXXIV, figs. 1 and 2 show the exterior 
and interior of a model cow shed in India with Indian made cow stanchions and 
partitions in position. This type of cow stanchion is now used in modern byres 
all over the world. PI n 8 illustrates the type of trough suitable for this class of 
standing and gives dimensions for cows and buffaloes respectively. 

The lay-out as suggested in Plan 6 has been actually carried out at a number 
of large dairy farms in India and has proved suitable both for efficient and economi¬ 
cal working and for disease protection. I n the sketch the buildings as shown are 
all pucca but many of these could bo built kutcha or semi-kuteha without in any 
way altering the efficiency of the lay-out. i 

In this plan (Plan 6) provision is made for the housing of a small number 
of young stock, but in a farm of tins size if all calves are reared to maturity it is 
advisable to keep all the young stock from the time of weaning, until they are 
issued as stud bulls or brought into the herd as milkers, right out on the grazing 
areas, and as a protective night shelter and feeding yard for this class of stock the 
kraal type of inexpensive yard and sheds is recommended. Plan 9 is a plan of 
a young and dry stock kraal, with feeding and water troughs large onough to 
accommodate 400 head of stock. This is a suitable dry and young stock building 
for the dairy farm as planned in Plan 6, and the kraal is large enough to accom¬ 
modate all the dry stock from such a farm, as well as young stock from 1 to 3J 
years. 

For stud bull accommodation the system of keeping each bull in a fairly 
large paddook with a shelter and feeding shed with a sure supply of drinking water 
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in the paddock is the most suitable. The shelter may be pucoa or kutoha and 
should consist of a roof with one end and one side wall to protect the animal from 
wind and rain. In the hotter parts of the country where the rainfall is not too 
high, a mere shelter roof on supports is sufficient. Bull paddocks should be on an 
average of not less than 500 sq. yards for each animal. Plate XXXIII, fig. 2 
is a photo showing a bull paddock and shelter at the Imperial Institute of Animal 
Husbandry and Dairying, Bangalore. 

The types of calf houses shown in Plans 5 and 6 depict expensive and non- 
expensive types of shelters. In rearing of young calves the main point to be observed 
is that the animals should have an open exercise paddock directly communicating 
with their shelter and feeding house. The exercise yards should not be of a losser 
area than fchreo square yards for each calf and the calf shelters should provide ten 
square feet of floor area for each animal. 

In all dairy faims, whether small or large, calving sheds should be provided to 
the extent of not less than eight per cent, of the milking herd. These may be 
kutcha or pucca according to the finances available, but the loose-box type as shown 
in Plan 6 is the most suitable. 

Isolation hospitals built remote, say 1,000 yards, from the main daily buildings, 
for the housing of newly-purchased cows for a quaiautine period or for the 
separation and treatment of cattle suspected of or suffering from infectious diseases, 
are advisable ; and Plan 10 is a sketch of a suitable type of building which may be 
built of either kutcha or pucca materials. 

In the larger dairy farms owning say over 100 cows, a milk recording room is 
advisable, and the position of this building in relation to the cattle sheds is shown 
in Plan 6. Plan 11 illustrates a very suitable type of recording chamber with the 
lower part of the walls of masonry and the upper part filled in with wire gauze. 
Where milk recording rooms arc used the masonry part of the walls should be 
tiled inside with minton tiles and tbo floors should be good cement concrete. 

Where circumstances permit grain godowns and chaffing sheds should be 
made pucca and rat-proof. The types of both these buildingB shown in Plans 
5 & 6 are suitable, but the size and class of grain stores must always be governed 
by local circumstances. 

In Europe and America silage is made in masonry towers erected above ground, 
but generally speaking in India the erection of silo towers is unnecessary, as the 
highest quantity of silage can be made in most localities in pits dug in the ground 
and without any masonry whatever. In areas, however, where the water-line is 
high, silo towers are necessary and Plan 12 depicts a type suitable for India, and 
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Plate XXXV, fig. 1 illustrates two silo towers at Bangalore after 20 years of 
continuous use. 

For such buildings as implement sheds, bullock sheds, fodder sheds, etc., the 
type of cheap iron standardised farm building recommended by Mr. G. S. Hender¬ 
son, N.D.A., N.D.D., Director of Agriculture, Bihar and Orissa, is very suitable. 
Buildings of this class can now be built of materials entirely manufactured in India 
and are cheap, lasting and to some extent portable. Plate XXXV, fig. 2 illustrates 
a bullock shed of this type in use at Pusa. 

The plan and size of dairy buildings proper must always depend upon local 
conditions, i.c., on the class of trade or product manufactured, whether the milk 
sold is pasteurised or otherwise, etc., etc., but it may be taken that all dairy buildings 
including the attendant wash-up and milk-vessel sterilising room should be pucca 
with pucca concrete floors, cement-coated or tiled inner walls and pucca roots. All 
such buildings should bo fitted with fly-proofed doors and windows and well lighted 
and freely ventilated. Plan 13 is a plan of a small dairy building for handling 
non-pasteurised milk and Plan 14 depicts a dairy building suitable for dealing 
with 2,000-3,000 lbs. of pasteurised milk per day. 

The usual European and American practice is to have the dairy and washing 
rooms in the one building, but in a tropical country such as India it has been found 
preferable to have the steam generating and washing and can-sterilising plant in 
a separate building. This makes for greater cleanliness and lower temperatures in 
the dairy building proper. 

In the larger building (Plan 14) a cold storage room with air lock is provided. 
Insulation may be done with cork slabs or silicate cotton. 

Where it is possible a running water-supply should be laid on to all da^ry farm 
yards, and the cattle should have access to clean drinking water at all times. It 
may be taken that the minimum drinking water requirements of a dairy herd are 
100 lbs. water per head of adult stock per day. 20 lbs. per day for each unw c anod 
calf and an average of 60 lbs. per head per day for young stock from 1 to 3 years 
of age. To this should bo added 10 lbs. of potable water for dairy purposes for 
every 1 lb. of milk produced by the herd. 

In respect to building materials no hard and fast all-India lule can be laid 
do vn, with this one exception that the floors of all pucca milking sheds, whether 
on the colonial or one-standing-per-cow model, must be of first class cement con¬ 
crete laid on lime concrete, this again being laid on rammed-morrum. The 
feeding troughs of all one-stall-one-cow model cow-sheds should be of reinforced 
cement concrete of the pattern shown in Plan 8. Cement concrete floors are 
water-tight, lasting, easily constructed, easily repaired, easily cleaned, and look 
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Plate XXXV, fig. 1 illustrates two silo towers at Bangalore after 20 years of 
continuous use. 

For such buildings as implement sheds, bullock sheds, fodder sheds, etc., the 
type of cheap iron standardised farm building recommended by Mr. G. S* Hender¬ 
son, N.D.A., N.D.D., Director of Agriculture, Bihar and Orissa, is very suitable. 
Buildings of this class can now be built of materials entirely manufactured in India 
and are cheap, lasting and to some extent portable. Plate XXXV, fig. 2 illustrates 
a bullook shed of this type in use at Pusa. 

The plan and size of dairy buildings proper must always depend upon local 
conditions, i.e., on the class of trade or product manufactured, whother the milk 
sold is pasteurised or otherwise, etc., etc., but it may be taken that all dairy buildings 
including the attendant wash-up and milk-vessel sterilising room should be pucca 
with pucca concrete floors, cement-coated or tiled inner walls and pucca roots. All 
such buildings should bo fitted with fly-proofed doors and windows and well lighted 
and freely ventilated. Plan 13 is a plan of a small dairy building for handling 
non-pasteurised milk and Plan It depicts a dairy building suitable for dealing 
with 2,000-3,000 lbs. of pasteurisod milk per day. 

The usual European and American practice is to have the dairy and washing 
rooms in the one building, but in a tropical country such as India it has been found 
pieferable to have the steam generating and washing and can-sterilising plant in 
a separato building. This makes for greater cleanliness and lower temperatures in 
the dairy building pioper. 

In the larger building (Plan 14) a cold storage room with air lock is provided. 
Insulation may be done with cork slabs or silicate cotton. 

Where it is possible a running water-supply should be laid on to all daijy farm 
yards, and the cattle should have access to clean drinking water at all times. It 
may be taken that the minimum drinking water requirements of a dairy herd are 
100 lbs. water per head of adult stock per day. 20 lbs. per day for each unw c aned 
calf and an average of 60 lbs. per head per day for young stock from 1 to 3 years 
of age. To this should be added 10 lbs. of potable water for dairy purposes for 
every 1 lb. of milk produced by the herd. 

In respect to building materials no hard and fast all-India rule can be laid 
do ^n, with this one exception that the floors of all pucca milking sheds, whether 
on tile colonial or one-standing-per-cow model, must be of first class cement con¬ 
crete laid on lime concrete, this again being laid on raramed-morrum. The 
feeding troughs of all one-stall-one-cow model cow-sheds should be of reinforced 
cement concrete of the pattern shown in Plan 8. Cement concrete floors are 
water-tight, lasting, easily constructed, easily repaired, easily cleaned, and look 
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neat and smart if kept clean. The one objection to this olass oi floor for cattle 
sheds is that after a little wear it becomes slippery and cattle are apt to slip on it 
and hurt themselves, bat this objection can be overcome by sprinkling carborun¬ 
dum floor powder on to the cement when it is newly laid immediately after the final 
smoothing with the trowel in the wet stage. 4 lbs. of carborundum powder is 
required per 100 sq. feet of flooring. 

For a kutcha non-washable floor for oattle sheds, other than milking sheds, 
there is nothing better than hard-rammed rod morrum. 

Pucoa-floored cattle or milking sheds should slope 1 in 48 from one end to the 
other, and the whole shed should be built on this slope so that the gripe or urino 
drain shall be the same depth at both ends of the shed. The best slope for the 
standings from trough to drain is 1 in 24, and the slopes of all dairy floors or 
other washable floors of any kind whatever is 1 in 48. No traps or drains opened 
should be allowed within dairy buildings, shallow Baucer-shaped drains should be 
mado in each room leading to a wall opening through which drainage could be 
conducted outside the building. Where a common drainage system does not exist, 
the best method of utilising dairy farm drainage of any kind is to use it for irriga¬ 
tion purposes for the growing of fodder. If a dairy farm has not sufficient water- 
supply to dilute its drainage to the point where it can be safely and economically 
utilised for irrigation of fodder crops, then that dairy has not a sufficient water- 
supply to carry on its business up to that standard of cleanliness which is essential 
ani which the public have a right to look foi. The choice of materials for walls, 
roof, etc., depends entirely on local conditions and the state of the purse of the 
builder. As the cost of dairy buildings must always depend upon the materials 
used, and as in a vast continent like India the cost of the same class qf building 
material varies to a very great extent, it is i mpossible here to indicate even pro¬ 
bable building oosts. 

The question of architectural e mbellishment of dairy farm buildings has not 
been referred to in this note as the industry has not yet reached the stage in this 
country when it can afford any business of this kind. 

Complete details as to dairy buildings of any class or for any purpose apper¬ 
taining to the industry cannot be given in an article of this kind which can only 
serve as a general guide to prospective builders, but full and complete detailed 
plans of any class of dairy building can always he obtained free of charge on appli¬ 
cation to the office of the Imperial Dairy Expert, Bangalore. 
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PADDOCK SHELTER OF SEMI-PUCCA TYPE. 























PLAN 4. CIRCULAR WATER TROUGH 






PLAN 5. LAYOUT OF A SMALL DAIRY FARM. 



F*N9*tt* 









plan 7. ‘ COLONIAL MILKING SHED.* 
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THE PROBLEM OP RICE-BREEDING. 

(With special reference to Bihar and Orissa conditions) 

BY 

MAHBUB ALAM, M.Sc., 

Assistant Economio Botanist, Bihar and Orissa, Sabovr. 

The actual methods of plant-breeding are now fairly well established, but the 
most important problem that confronts us is to determine the line on which future 
breeding work should be carried out on a particular crop. None can deny the fact 
that the first step towards the progress of agriculture in any country, and espe¬ 
cially in India, centres round plant-breeding, i.e., breeding of improved types of 
crop seeds which would give higher yield and prove better in quality as compared 
to the existing varieties grown by the ordinary cultivator. In India the poor 
cultivators are not in a position to take up the modern implements for improved 
cultivation, or to invest large capital on judicious manuring, etc. For the most 
part they depend on the improved varieties of crops provided to them by the Agri- 
t ultural Department, but even this they are not prepared to take up u .til they 
have satisfied themselves as to the higher yielding capacity of tho impr ed varie¬ 
ties. This necessitates a veiy careful and detailed study of the crops to be hand¬ 
led and to Dote the minutest characters which may in some way or ocher add to 
their yielding capacity. 

Rice is one of the oldest and most important cultivations in the worjd It 
forms the staple food of most of the Eastern countries, e.g., China, Japan, India, 
Malaya, Java and others. The part that this crop plays in the agricultural 
economy of this country is evident from the fact that it occupies about one-third 
of the total cropped area in British India, The area under rice alone is over 80 
million aores, out of which nearly 50 per cent, goes to Bengal (22 millions) and 
Bihar and Orissa (15 millions) alone. The other provinces that grow rice to any 
large extent are Burma (11 millions), Madras (11 millions), United Provinces (7 
millions), Assam (4'5 millions) and Central Provinces (5 millions). It is henoe evident 
that the importance of this crop is not restricted to one or two provinces, but it 
is grown on large scale practically all over India. It forms the staple orop in 
at least five provinces, namely, Bengal, Bihar and Orissa, Assam, Burma and Madras. 
This in itself is enough to justify any careful consideration for the improvement 
of this orop. But the pity is that the yielding oapaoity of the Indian rices is far 
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below that of any other rice-growing country as evident from Table I given 
below:— 


Table I. 

Area and yield of rice in the more important rice-growing tracts. 


Serial 

No. 

Countries 

Area in acres 

Yield in lbs. 

Yield per 
nore m lbs. 

1 

Argentine . 

23,750 

48,160,000 

2,027 

2 

Bulgaria. 

7,889 

? 2,693,331 

1,609 

8 

Egypt. 

213,112 

568,631,112 

2,668 

4 

Formosa. 

1,224,550 

2,000,071,112 

1,633 

5 

Indo-Ohina . • . 

11,266,556 

11,326,933,3 14 

1,005 

6 

Italy.. 

317,667 

1,113,777,778 

3,606 

7 

Japan . 

7,633,333 

23,003,057,778 

3,014 

8 

Java and Madura .... 

7,976,250 

10,514,870,000 

1,318 

9 

Korea ..... 

3,800,500 

5.742,240,001 

1,609 

10 

Siam ...... 

6,045,000 

9,7(6,848,000 

1,936 

11 

Spam ...... 

111,667 

574,684,444 

5,146 

12 

United States of America 

997,556 

1,737,742,222 

1,742 

18 

India. 

80,105,000 

70,310,016,000 

878 

• 


The above table clearly points out that the yield obtained in India is the 
lowest as compared to other rice-growing tracts. India gives an yield of less 
than 1,000 lbs. per acre, while Japan, Spain, etc., produce 3,000 lbs. or more per 
acre. While the area under rice in Japan is less than one-tenth of that in India, 
the yield is only one-third. 

It is, therefore, essential to improve the varieties of paddy grown in India 
and thereby increase its production, at least, to the level attained by most other 
countries. This could be accomplished only through careful breeding of new 
varieties, but unfortunately in India very little has so far been done in this direc¬ 
tion. The pioneer workers on this crop in India have been Hector, Pamell- 
Graham and others, who have made a fairly valuable contribution to our know¬ 
ledge of the genetics of this crop; there is still much to be done. None of these 
early investigators had been able to olassify the different existing varieties of even 
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their own locality. The obvious reason for this had been the great diversity of 
forms that exist in this orop. The varieties of rice that occur in different loca¬ 
lities are enormously large, and it is said that practically every distriot has its. 
own varieties quite distinct from those of others. While it is highly probable 
that many of these different varieties may actually belong to the same botanical 
class, the total number of the varieties would still be very large. It is the duty 
of the plant-breeder to classify thorn on a systematic basis and establish distinct 
strains, which should breed true to the more important botanical and economic 
characters. 

Tho first step towards the improvement of a crop lies in the establishment 
of pure strains (i.e., isolation of pure lines) which form the material for any future 
improvement by hybridization, etc., and at the same time serve to meet the im¬ 
mediate requirements. The isolation of ‘ pure lines ’ does not in itself add any¬ 
thing to the quality of a crop, but it simply offers an opportunity to the careful 
observer to spot tho more promising plants, some of which will establish them¬ 
selves by keeping up the qualities that they were originally found to possess. 
The breeding in this case consists in carefully comparing genetically different 
types for a series of years and selecting those which appear to be promising from 
commercial as well as economic point of view. Tho improvement of a crop 
through ’’ selection ” is considered to bo the simplest, but it presents the plant- 
breeder with greatest difficulties, instances of which will be quoted when specific 
problems are dealt with. 

There is a great attraction in taking up the isolation of “ Pure lines ” in this 
crop, as all the hopes of a plant-breeder lie in the diversity of forms that occur 
in tho material to be investigated, and paddy is undoubtedly the most promising 
in this respect. In this crop the variations are so profuse and distiuct that prac¬ 
tically all the requirements of tho farmer could be mot simply through the isola¬ 
tion of pure strains. Recourse to hybridization may not be needed at least for 
sometime to come. But this multiplicity of forms has its drawback as well, i.e., 
the number of varieties is so large that any attempt at isolation of “ pure lines ” 
results in confusion and failure, as has been the case with many previous investi¬ 
gators. The only method, therefore, to accomplish this work successfully is to 
take up the isolation work in parts, i.e., by establishing several sub-stations re¬ 
presenting area with distinct soil and climatic conditions. The whole 
work could then be co-ordinated into one. This idea gets further support from 
file fact that the varieties of paddy grown in one locality with a particular type 
of soil usually do not suit others, which would mean that those varieties, even 
if they are botanically similar, must be agriculturally distinct and hence there is no 
justification in classifying them together. 
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The province of Bihar and Orissa presents its own peculiar conditions, whioh 
make it all the more necessary to establish several sub-stations for the breeding 
* of paddy varieties. In this province we come across a great diversify in physical 
as well as chemical nature of the soil. The paddy tracts of Bihar represent condi¬ 
tions found in four different bordering provinces, i.e., Central Provinces, Bengal, 
United Provinces and Madras. We find three distinct types of soil occurring in 
different parts of the province as givon below :— 

(1) Red . . . Chotanagpur and parts of Orissa. 

(2) Alluvial . . North Bihar (North of the Ganges and parts 

of Orissa adjoining the sea). 

(3) Older alluvial In tracts adjoining Gaya. 

(hard calcareous). 

These soils further differ chemically, i.e., the Chotanagpur soil is very acid, while 
the Boil of Bihar proper is alkaline and that of Orissa is slightly acid. 

With these variations in the soil conditions it is not possible to expeot ono 
particular strain to moet the demands of all the localities. The requirements of the 
plants in each of those tracts would naturally be quite different, and the varieties 
that have established themselves in one locality will hardly havo any chance of 
flourishing in the other. It has actually been found that a particular strain evolved 
at Sabour serves well for the localities with similar soil conditions, but it absolutely 
fails when grown in localities with different types of soil. 

This crop, however, presents many more difficulties than those pointed out in the 
preceding pages. A great problem in paddy is its limited adaptability, i .e,, ono 
particular variety of paddy can grow well only under certain specific soil and 
moisture conditions, and if it is grown on a soil to which it is not adapted, the pro 
duce will be very poor. This limited adaptability is a great hindrance to any real 
improvement, as it necessitates keeping up of a number of strains for different locali¬ 
ties and even for different soils, one for the rich land, another for poor and a third 
for the medium land. The keeping up of several varieties affects the improvement 
of rice production in two ways, i.e., (1) selection work has to be carried out at more 
than one station, as pedigree selections suitable for one locality are not suitable for 
another, (2) the improved strains get intermixed and deteriorate in course of 
few years. The varieties grown on high land are liable to get intercrossed with 
those grown on medium lands, as these types of land occur side by side and the 
flowering period of some of the highland paddies may overlap with that of the 
medium ones. 

In order to overcome the latter difficulty, the plant-breeder has to select only such 
different varieties for high, medium and low lands that the flowering period of one 
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does not overlap with that of the other. A searoh for highly adaptable variety of 
paddy must be the primary object of every rice-breeder. Once such a variety is 
established, many of the complex problems associated with this crop will at once 
be solved. 

Another line of work that needs immediate attention is the physiology of the 
rice-plant —a subject on which we are praotically in absolute darkness. Several 
workers are needed on this subject as the problems before us are innumerable. We 
are still groping in dark when we take up the problem of transplanting and its 
benefit to the paddy plant. Various theories have been put forward from time to 
time in order to explain this, but there are no definite facts to establish them. Some 
consider that the benefit of transplanting lies in the care and attention that the plants 
receive at the seedling stage, while others attribute this to the stimulus received on 
account of the root injury, which serves the same purpose as root-pruning. Still 
others believe in the favourable water-supply of the transplanted paddies. There may 
be some truth in each of them, but we must have facts and figures obtained through 
well-planned-out experiments before any of these theories oould be taken as correct. 
The question of the growth and development of early, medium and late paddies under 
different soil conditions has so far received no attention. Innumerable questions 
that arise in this connection are still unanswered. The physiological explanation 
for the lodging tendency of the different paddy varieties and scores of other physio¬ 
logical problems need investigation. 

Th8 plant-breeder has further to study the behaviour of various rice strains 
when subjected to abnormal physiological conditions, such as shortened day-length, 
artificial illumination at night, delayed sowing and transplanting, etc. Such 
abnormal conditions may produce remarkable physiological response on some of the 
strains and induce conspicuous differences; occasionally these differences bear 
directly on practical growing or on breeding techniques. 

It has been found in other crops that plants subjected to shortened day length 
induce early flowering. If this is established in paddy as well, it would be no 
mean achievement, as then we could use a very late paddy, possessing some desir¬ 
able character, for crossing with an early one. Such a problem is facing us in Bihar 
and Orissa where some of the late paddies possess very strong straw, while an early 
paddy named “ Dahia ” is more on demand on account of its other desirable 
qualities. It is therefore necessary to oombine these qualities in one, but so far 
such a crossing has not been successfully carried out on account of the great differ¬ 
ence in their time of flowering. If once it is established that early flowering oould 
be induced by subjecting the late varieties to short day length ox to longer illumina¬ 
tion, all this difficulty would vanish. 
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Such investigations on the physiology of rice plant are of great economic im¬ 
portance, and they promise a wide field for breeding improved varieties of not only 
rice but even those of other crop plants. 

It has already been pointed out that the paddy crop consists of a large number 
of distinct varieties. With the multiplicity of forms it is natural to expect the 
crop to show innumerable variations in the various morphological characters, vege¬ 
tative as well as reproductive. This is what we actually find in paddy and any 
classification of the cultivated varieties presents special difficulties and becomes 
a problem by itself. In breeding pure strains of any crop, the plant breeder s first 
attempt is to isolate “ pure lines ” and to classify them in a systematic way. 
Without such a classification, the real value of the pure strains could never be 
found. Now, the question arises what should be our basis of classification, while 
dealing with the cultivated varieties of a crop. Some of the previous investigators 
have suggested that more stress should be given to the grain characters which are 
more constant rather than to the agricultural characters showing a good deal of 
variation. 

F. Koernickc [1894] in Japan has based his classification of rice on grain 
characters alone, while S. Kikawa [1912, 1] gives two schemes of classification for the 
rices of Japan, based (I) on agricultural characters and (2) on grain characters. 
Graham 11913, 1] in dealing with the rices of the Ontial Provinces, considers that the 
use of agricultural characters in a scheme of classification demands a considerable 
amount of caution, and he thinks that no hard and fast system of classification 
based on agricultural characters can be laid down. Recently, Sethi [1930, 1] in the 
United Provinces has laid much stress on the grain characters which ho considers 
to be more constant. He has classified the rices of the United Provinces mainly on 
the grain characters, i.e., size, shape and colour of grains. 

The study of the large number of p t addy varieties grown at Sabour and those in 
other parts of the province of Bihar and Orissa urges the present writer to differ 
from the above opinion and lay more stress on the scheme suggested by S. Kikawa, 
?.c., the classification of rices should be based both on agricultural and grain charac¬ 
ters. As this question is a matter of some controversy, it has to be discussed in 
some detail. It is not necessary to deal with each character separately, but only a 
few of the more important ones may be discussed and the advisability of including 
them in any scheme of classification, for economic purposes, will be pointed out. 

Many of the agricultural characters* especially those based pn presence and 
absence of colour are as constant or more so than some of the grain characters. 
The appearance of colour in various vegetative[organs have been found to be depend¬ 
ent on definite Mendelian factors—a detailed account of which has been given by 
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Hector [1916] and Parnell [ 1917] for the rices of Bengal and Madras respectively. 
* Such characters which depend on definite Mendelian factors could, with absolute 
reliance, be utilized in classifying the cultivated rices. These characters are of 
special significance from practical point of view. The varieties showing distinct 
colors are easily recognized even by ignorant cultivators and if our improved varie¬ 
ties possess some such distinctive characters, they have greater chance of remaining 
pure than when they are indistinguishable from ordinary mixed crop, as roguing is 
easily done in the former case. 

The character of the awn is another agricultural character which is of great 
practical importance. It has been pointed out by Graham [ 1930, 2 ] that the 
length of awn varies within the same variety and is by no means constant, 
while Sethi [ 1930 2 ] from his study of the rices in the United Provinces, con¬ 
cludes “ No feature is more variable among the rices grown in these provinces 
than the awn character \ The length varies in different varieties and even within 
the same variety the length of the awn is by no means constant The present 
writer, however differs fiom both thest authors on the basis of the observation 
made on the rices of Bihar and Orissa. A certain amount of variation does occui 
in all characters, quantitative or qualitative, but on careful study wo can easily 
distinguish the environmental fiom the. varietal differences. The paddy veriotie* 
grown at Sabour are found to v«*ry a good deal in the character of awn, i.e., somt 
of them are awned, others are simply tipped and still others are perfectly awnless, 
but the same strain, if botanically pure, will not consist of fully awned, tipped and 
awnless ears. The_ more remarkable variation in awn character is not due to 
environment but due to heiedity. It has actually been found from the results of a 
few natural crosses that the appearance of awn depends on the interaction of twe 
distinct Mendelian factors. In the Botanical Experimental Area, Sabour, various 
grades of awns were noted this year in cultures splitting for this character but only 
three distinct classes could easily be made, i.e., bearded, tipped and awnless/ The 
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frequency of each of these olasses in two of the splitting cultures were as given 
below in Table II. 


Table II. 

Segregation of own character in a natural cross of paddy. 


Culture No. 

Awn character 

SfOBBGITION IK AWN OH ABACI EE 

i 

Total 

of the parent 

Boarded 

Tipped 

Awnless 

166 

Tipped . 

8 

16 

2 

26 

167 

Do 

12 

24 

3 

39 

Total observed 

frequency . 

20 

40 

5 

65 

Expected 

• 

20*31 

40-03 

4-0G 

65 

Ratio . 


6 ' 
v- 

10 

1 

•• 


15 : 1 

By combining the bearded and tipped classes together, we get a 15: 1 ratio of 
awned and awnless plants. From these facts it appears that the inheritance of awn 
character in rice is very similar to that obtained by Howards [ 1912 ] for wheat. 
The bearded class in the above table probably includes the fully, nearly fully, and 
half-bearded conditions noted by Howard while the tipped class includes the long 
and short tips which were classed together even by Howards. .4 more complete 
genetical analysis of the inheritance of this character in rice could, however, be 
made only after “ pure lines ” are established and actual crossing of awned and 
awnless strains is carried out. But the results of natural crosses do establish, at 
least, this much that the appearance of awn in ric e is dependent on two Mendelian 
factors. This gets further support fiom the fact that a number of strains have 
been isolated at Sabour that are pure for tipped condition, in addition to those that 
are pure for fully bearded and perfectly awnless conditions. The awns further vary 
in their colour and distinct varieties with different awn colours can »1bo be recognized. 

The practical utility of basing our classification on this character is also of no 
less value. Certain localities where wild animals (pigs) or birds damage rice crop to 
any great extent, it becomes necessary to evolve awned varieties for such places 
as the presence of awns keeps the pest away. But, as a rule, the awned varieties 
are not liked as they give a disagreeable feeling to the workmen when it comes in 
contact with them, and it is also found that the awned varieties show a tendency |i 
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towards the shedding of grains soon after ripening, which iB a highly undesirable 
character. It is on this account that most of our present cultivated rice varieties 
are awnless. 

Time of ripening is another very important agricultural character, but Graham * 
considers that a classification based on this character is unsatisfactory as there is 
good deal of variation in period of ripening from one locality to another. 

Of course it is impossible to classify the rices of the world into early, medium 
and late groups, and even in one country with considerable difference in climatic 
conditions, no hard and fast classification based on this character could be made, 
but particular varieties when found to be early, medium or late in one district are 
sure to be comparatively the same in another. This would better be explained by 
taking a specific example. In Bihar e> Dahia ” has been found to be an early variety, 
on the basis of the observations made at Sabour, while “ Latisal ” is fqund to be 
late. The former ripens in about 110 days while the latter in 130 days. It is possi¬ 
ble that the same two varieties when grown at Gaya or at Kanke may need a 
greater or lessor period to ripen but the comparative earliness of “ Dahia ” shall 
never be lost. 

A knowledge of this feature of tho different cultivated varieties would be found 
very useful, because the requirements of early, medium and late-ripening paddy 
varieties aie so different that the real value of a useful strain may be absolutely 
lost through sheer ignorance of its time of ripening. As an instance of this may be 
cited a very interesting case observed at Kanke Experimental Station where an 
early paddy named “ Rais ” was grov n in comparison with “ Dahia " for a year or two 
on comparatively high land and “ Dahia ” was found to be superior in yield. Later, 
these same varieties were grown on the highest land without any definite,object in 
view, and it was found that this y ear “ Rais ” has proved to be decidedly better than 
“ Dahia ” in yiold. It was then noted that “ Rais ” is about a week earlier than 
“ Dahia ". This experiment was repeated next year, and these two varieties were again 
grown both on the highest land and on the ordinary high land. The previous obser¬ 
vations were confirmed, and it was found that tho earlier variety, i.e., “ Rais ”, 
excelled “ Dab's ” on the highest land while “ Dahia ” excelled “ Rais ” on ordinary 
highlands. This shows how important it is for the rice-breeders to know the 
time of flowering and period of ripening of the different varieties of the cultivated 
paddy. Even slight variations in time of ripening demand difference in the type 
of land for growing them. 

Another instance of the practical utility of studying the time of ripening and 
classifying varieties on this basis may be cited from Japan where the early-ripening 
strains isolated have provided a typo that alone would suit the cooler northern part 
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of the country (Hokkaido). These early strains have not only insured the success 
of the crop in these parts but also helped to increase the acreage under cultivation* 

It has further made it possible to grow rice in traots further north than Hokkaido 
where its cultivation has never before been dreamed of. 

Resistance to drought and flooding is an agricultural character of great 
practical importance. Distinct varieties of paddy have been found that can stand 
various periods of drought extending to evon a month, while on the other hand, 
there are varieties that can withstand flooding for shorter periods* Such distinct 
varieties when once established are of great economic importance, and it is 
impossible for a plant-breeder to neglect such characters however varying they 
may be. 

There are several size char ado s, such as height of the plant, length of the 
peduncle, number of the flowering branches in an inflorescence, size of the spikelets, 
etc., which generally show consideiable amount of variation from plant to plant, 
but still they could safely be utilized in a scheme of classification as they do show 
pertain amount of constancy fiorn variety to variety. The practical utility of 
classifying the paddy varieties on the basis of these characters consists in the 
correlation that sometimes exists between these characters and some others that 
are of great economic significance, e.y., lodging tendency, shedding of grains, 
yielding capacity, etc. It has been noted at Sabour that the varieties with tall 
stem show a tendency to lodge and similarly those with broad leaves possess coarse 
grains. Once such correlations are established, selections for non-lodging strains 
could easily be made on the basis of vegetative characters alone at a much earlier 
stage. 

Height of the plant i s also of some practical utility, lvikawa [I9t2,2]has 
found definite correlation between the length of stem and the number of tillers 
formed, i.e., taller plants form fewer tillers. Correlation also exists between the 
length of stem and average weight of the ear. These correlations have been noted 
even in the varieties giown at Sabour. Apart from the ordinary “ rail ” varieties 
we occasionally find “ extraordinarily tall ” rices that are of special use in fields 
which may often bo covered with deep water in consequence of river inundations— 
a condition commonly met with in parts of Orissa. 

In addition to these characters considered in the preceding pages, we come, 
across many other agricultural characters such as habit, lodging tendency, tillering 
capacity, number of panicles and spikelets which are pi no less importance, and 
they have all been taken into account by the writet iu studying the rices of 
Bihar and Orissa. Certain strains have been isolated that stand erect throughout 
their growth period, while others lodge badly in the fields as shown in Rate XXXVI, 
AgS.4 and 2. Similarly we have been able to isolate strains that show a closed 



PLATE XXXVI 



f lg. 1.—A strain of paddy just before harvesting All plants of this strain stand erect till ihe harvesting time 



Fig. 2. Another strain of paddy just before harvesting. Here all the plants have lodged badly several weeks before harvest. 



PLATE XXXVII 



Fig. 2.—Another strain showing its spreading nature, U* u open ” habit. 
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hahrt while qj^ters possess a spreading tendency, i.e. open habit ( Plate XXX V II, 
%B. 1 & 2). All these characters show a certain amount of variation but within 
a pure strain, they are more or less constant. 

The natural conclusion that could be drawn from the above discussion is that 
the agricultural characters of the paddy plant, though less constant, are as definite 
and as much of practical utility as the grain characters and any scheme of classi¬ 
fication of the cultivated rices that disregards these characters is imperfect and 
incomplete. 

S. Kikawa [1912, 3] after studying the rices of Japan, India, Burma, Ceylon, 
Java, etc., has arrived at a similar conclusion, and he thinks that in classifying the 
cultivated plants wo would of course consider their morphological characters which 
are constant, but at the same time we have also to examine those characters which 
though not very constant, or fluctuating considerably, are sometimes very import¬ 
ant for agricultural purposes. 

So far very little genetic investigation on the agricultural characters of paddy 
plant has been carried out in India, but it has been reported by Dr. Hirosi 
Tarao [ 1926 ] from Japan, where genetical researches have been carried out on 
such characters as time of heading (flowering), time of maturing, length of 
stem and panicles, intensity of tillering, quality and type of grains, formation of 
awns, disease resistance, pigmentation on grains, vegetable parts, etc. It has been 
found that the characters bearing directly on such practical aspects as yielding 
ability, grain type, maturing date, disease resistance, adaptability for intensified 
culture, etc., are as a whole demonstrated by numerous Mendelian factors. 

Such investigations establish that even the fluctuating characters like time of 
heading and that of maturing or the length of stem and panicles, intensity of 
tillering, etc., are determined by the presence or absence of definite Mendelian 
factors and point out the great possibility that lie for the plant-breeder to classify 
the cultivated 'crops on the basis of agricultural as well as grain characters and 
thereby isolate types that would suit the varying condition of soil, moisture, etc. 
The modem tendency is to base our future classification on genetical basis after 
a complete genetical analysis of a crop has been made. This would undoubtedly 
be the most perfect classification and would certainly include many of the agricul¬ 
tural charaoterB within its scope. 

This discussion on the basis of classification of the cultivated rices has not only 
established the importance of agricultural characters, suoh as early ripening, 
drought resistance, lodging tendency, tillering, etc., apart from the grain characters 
wldoh undoubtedly must also be taken into account, but also as a side issue has 
pointed out some of the most important rice-breeding problems that need our 

3 T 
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immediate attention. The preceding discussion would therefore be of some value 
from both these points of view. 

One aspeot of the rice-breeding problem has so far received very little atten¬ 
tion, t. e., the question of appropriate spacing. One particular praotioe of planting 
paddies, t.e., 6' to 9* apart, with two or three seedlings at the same place, has been 
in vogue for centuries and still continuing in most rice-growing traots of India. 
This problem, however, needs a thorough investigation so as to find out the spacing 
which would give maximum yield within a limited area. This much has been 
noted at Sabour that greater spacing than 9* results in better tillering, but we have 
to find out the most profitable one. In Malaya, Dr. Jack has proved that the wider 
planting distances produce the largest crop. With even 12" to 18" spacing, depen¬ 
ding on the fertility of the soil, tillering is profuse and yields are satisfactory. In 
Ceylon, however, Lord [1928] considers that heavy tillering is not desirable as large 
number of tillesc result in uneven flowering and maturing of individual plants and 
if the later tillers are allowed to mature before harvesting the crop, the panicles of 
the main culms commence to shed their grains. In the province of Bihar and 
Orissa this happens only in certain special varieties but as a rule no such difficulty 
is encountered. This aspect of the question has, however, also to bo borne in mind 
whenever profuse tillering is encouraged. 

It is therefore necessary to conduct researches for the analytical studios of 
the tillering of rice and the influence of manuring intensity, transplanting time, 
spacing, etc., on the development of tillers. Such study is sure to point out the 
ways and means for increasing the yield of even tho best-yielding types that exist 
at present. 

One of the most seriouB hindrance to the spread of scientific improvements 
in plant-breeding is the indifference of agriculturist to the question o! varieties and 
of marketing. Although India is the biggest rice-growing country, the export of 
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tiiis crop is limited only to Burma which is responsible for about 86 per cent, of 
the export of rice from India as is evident from the following table:— 

Table III. 

Production and exports of rice from India. 

(Million lbs. of white rice.) 


Year 

Burma 

Bengal 

India 

Production 

Export 

Production 

Export 

Production 

Export 

1921-22 . 

10,356 

3,909 

20,760 

289 

74,240 

4,454 

1922-23 . 

10,317 

3,689 

20,270 

601 

76,496 

4,640 

1923-24 . 

9,334 

4,138 

16,820 

759 

63,164 

5,106 

1924-25 . 

11,350 

4,085 

17,273 

442 

69,601 

5,511 

1925 26 . 

10,624 

4,021 

18,408 

266 

68,627 

5,226 

1926-27 . 

11,451 

4,383 

15,475 

261 

66,606 

4,967 

1927-28 

10,945 

•• 

14,531 

i 

•• 

62,658 

•• 


An investigation into the marketing problems of rice is an imnu diat j necessity. 
In places where rice is practically the only ciop grown, the cultivators have to depend 
on this crop for their food as well as for other amonities of life which they must get 
by marketing thoir surplus produce. Once the marketing problem is settled, we 
have to improvo the quality of our produce. The breeding of a crop for quality 
very often presents innumerable difficulties and it necessitates the evolution of a 
fairly large number of suitable varieties which must be tested by the consumers 
on a large scale before they are finally considered as successful. 

This is an established faot that all the cultivators' as well as breeders’ primary 
object is to obtain higher yielding varieties, but in most crops we still do not know 
what are the factors that determine yield* Yield itself has not been so far analysed. 
Is the plant-breeder to aim at a plant producing many tillers or few ? Is he to lay 
more stress on tire' total produce of plant, or on the yield of each tiller, c.g., m 
paddy are we to select plants on a basis of yield per plant or on yield per panicle ? 
In some oases two grains are formed in each spike. Is it more profitable to grow 
such varieties or to improve the yield of ordinary single-grained varieties by other 
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means ? Scores of such, questions arise when we consider the yielding oapacity of a 
crop. Unless the plant-breeder has answered these questions, ho can not add very 
much to tiie yielding capacity of his selections. It may be argued that it is useless 
to land ourselves into such complex problems and that the safest course would be to 
find the actual yield of the improved varieties and seleot the best-yielding ones 
without bothering ourselves with the innumerable factors that control it. But a 
plant-breeder would not stop at this. His object is to derive the maximum possible 
benefit from the opportunities offered to him by nature. It is possible that on 
comparing a number of varieties, we may find one which would supersede all the 
rest in yielding capacity, but we can never assume that all further improvements 
stop there and all the factors that determine yield are possessed by that particular 
variety. It may be wanting in several of them and if they could be investigated, 
the plant-breeder can devise ways and means to add those factors as well to his 
best type and thereby increase its production to a greater extent. 

In order to investigate the factors that control yield, it is necessary fo cany out 
an intensive study of the crop, i.e., to study such characters as the number of tillers, 
length of panicles, number of primary branches of the panicles, number and weight 
of grains formed in each panicle and such other characters v.hich may have a direct 
or indirect effect on the yield of a plant and then to correlate these characters with 
one another and with the yield of each plant. 

Apart from the factors that add to the yielding capacity of a plant, there may 
be other factors that diminish yield—the most important of which is sterility. The 
various forms of sterility that occur in our crops and fruit trees have been fuDy dealt 
with by the writer [Alam, 1929] in an earlier publication and need not be repeated 
here, but a reference to its occurrence in paddy may be made. It is common to note 
number of empty glumes in the ears of Beveral of our paddy varieties but it is more 
remarkable in certain strains than in others. These empty glumes may be the 
result of unfavourable weather conditions during flowering, but in such cases tile 
empty glumes occur in plants all over the field and not limited to a few plants in 
certain varieties alone. The more common cause for occurrence of sterile or semi- 
sterile ears in paddy varieties is the imperfect development of anthem or ovary, 
as has been actually found to occur in some varieties at Sabour. Such oases of steri¬ 
lity where the defeot lies in the development of pollen grains, etc., are generally 
internal to the organism and are determined by definite hereditary factors. I l is 
hence the duty of every rice-breeder to select only such strains that are free from 
these sterility factors. 

The diverse problems that have been discussed in the previous pages could 
generally be solved in two ways. One is the pure-line selection method—a reference 
to which has already been made in the beginning—but through this we can achieve 
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only such improvements as have been provided to us by nature herself in the mixed 
crops. We oan, however, look towards the second method, i.e., hybridization, as 
the panacea of most evils, and it can provide us with a much wider field for future 
improvements. Once we know exactly what are our requirements, hybridization will 
mostly crown us with success, but it would require patience and perseverence. 
Hybridization further gives us an insight in to the genetical constitution of the crop, 
which is in itself a great achievement to the plant-breeder, who can with its 
help plan out his future line of work for crop-improvement on a more rational and 
systematic basis. 
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THE WORK OF THE BOMBAY COTTON-BREEDERS 


BY 

W. BURNS, D. So., 

Economic Botanist to the Government of Bombay , Poona. 

The real and lasting benefits of applied science are nowhere more striking than in 
the realm of plant-breeding. The present pai>er is an attempt to give a short sketch 
of the work of a group of plant-breeders working in one province and on one crop. 
The outward and visible evidence of their success is the existence of certain cotton 
varieties which are now widely spread in the areas to which they are suited and 
which are known and valued by the buyer, the broker, the shipper and the 
spinner. 

Bombay has always boon an important cotton province and on an average the 
Bombay cotton area (inclusive of Sind and Indian States) represents 29’2 per cent, 
of the total area under cotton in the whole of India. The Bombay cotton area was 
0,042,000 acres in 1930, the maximum figure, however, was reached in 1925 when 
the area under cotton was 8, 011,000 acres. The cotton grown in Bombay is by no 
means of one type. Owing to the extension of the province proper from south to 
north through ten degrees of latitude, and with the still more northerly extension of 
Sind, through another four degrees, the territory under the Bombay Government 
shows an extraordinary range of variation in every conceivable subject of study, 
whether climates, peoples, languages, soils, or crops. Tho presence of the Western 
Ghats determines a most peculiar distribution of rainfall, while Sind is, as regards 
the growing of crops, dependent on irrigation. Naturally the varieties of cotton in 
such surroundings are also diverse, and the giowth of the Agricultural Department 
has resulted in the appointment of one cotton-breeder to each of the characteristic 
cotton tracts. These axe the Southern Maratha Country, the Khandesh Area, South 
Gujarat, North Gujarat and Sind. 

But this is a recent development and m the beginning there were one or at most 
two scientists making a beginning at the investigation of cotton problems for the 
whole province. Among these special mention muBt be made of Mr. G. A. Gammie. 
He was Economic Botanist to the Government of Bombay and later, (from 1908 to 
1920) held the post (now abolished) of Imperial Cotton Specialist. He devoted 
himself to a thorough systematic study and classification of the Indian cottons, 
which he embodied in one of the very early Memoirs of the new Department of 
Agriculture in India. This Memoir is still a useful compendium, but anew 
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account of Indian cottons is long overdue. Mr. Ganunie also began the 
work of the Department in selection and hybridisation of cottons. From one of 
his crosses there was later developed idle race known as 1027 ALF, which is the 
longest stapled Indian cotton and has become famous in Gujarat. From 1903 to 
1907 Mr. T. B. Fletcher, then Deputy Director of Agriculture for the whole 
Presidency, looked after cotton work on several experimental farms, and made 
further selections, incidentally carrying 1027 ALF towards its present condition. 
He was followed by Mr. T. F. Main (now Director of Agriculture, Bombay Presi¬ 
dency, then Deputy Director) who went on with the work of cotton-breeding from 
1907 to 1916. 

The breeding of cotton was then in each area put in the hands of a special oilioer 
under the direction of the Deputy Director. These special officers were at first 
called Cotton Supervisors and later Cotton Breeders. In the Southern Maratha 
area, Mr. S. V. Shevade, L. Ag., held the appointment from 1908 to 1912, when 
his assistant Mr. (now * Rao Sahel>) G. L. Kottur, M. Ag., was appointed and still 
holds tho post. At Surat, in Gujarat, the dutios of the post were discharged by Mr. 
K. D. Kulkarni who also had charge of the work in Dhulia, Khandesh. Mr. 
Maganlal Patel, M. Ag., tho present cotton breeder, South Gujarat, succeeded him 
in 1914. Mr. D. P. Mankad, Cotton Breeder, North Gujarat, was appointed 
in 1921, and Mr. S. H. Piayag, M. Ag.. Cotton Breeder, North Central Division, 
Dhulia, took up his dutieB in 1921. In Sind, Mr. K. I. Thadani, B. Ag., M. Sc., 
was first Cotton Breeder and then Cotton Botanist, being succeeded as Cotton 
Breeder by Mr. B. B. Desai, M. Ag. The work grew rapidly and in the later 
stageB general control was exercised by the Director of Agriculture, sometimes 
directly and sometimes through departmental research committees. More recently 
the research work of the Department has been discussed annually in a departmental 
body called the Crop Research Committee and the Economic Botanist has been 
allotted the task of supervising and advising all plant-breeders (including cotton- 
breeders) as a sort of general staff officer for applied genetics. 

A brief account of the nature of the problems in each area and of the successes 
aohieved will now be given. 

I. The Southern Maratha Country. 

This area, which comprises the districts of Dharwar, Belgaum and Bijapur 
has two main and distinct types of cotton. One is the Kumpta type (called 
after the coast town of Kumpta from which this cotton used to be exported), an 
Indian cotton of the species Gossypium herbaoeum. The other is called 
“ Dharwar-American ” and belongs to the species G. hirsulutn. It is a curi¬ 
ous remnant of attempts made about the year 1840 to acclimatize AmoricH O 

* The title wee awarded in 1030 ae a recognition of hie work in applied genettee. 


814 AGRIOtJLTTJRE AKD UVB-STOOK IN INDIA [I, V. 

cottons. It fa perhaps not accurate to call it a remnant, for the total area under 
Dharwar-American has been about 400,000 acres annually since 1869. The reasons 
for its success are that it has a high yield and a long staple and suits certain classes 
of soil not specially good for Kumpta cotton. The early work of the Department in 
connection with cottons involved a good deal of crossing of various types, and the 
attempt to acclimatize other cottons. As genetic knowledge grew and a definite 
doctrine of plant-breeding began to be developed througout the world, its effects 
were marked also in the plant-breeding policy of the Bombay Department, and in 
1912 crossing was temporarily suspended and attention concentrated on selecting 
useful types from the forms both pure and hybrid then available. Mass selection 
was discontinued, and pure lino selection was undertaken. To Rao Saheb Kottur 
belongs the credit of inventing the simple device of a wire ring for self-fertilising 
cotton on a large scale. From the Kumpta type of cotton the Breeder’s first striking 
success was a race called Dharwar I, which held the field for a long time and would 
hold it still but for the wilt trouble. However, that also was overcome. But to 
return to Dharwar 1 1 from the time of opening of the Dharwar Farm (i. e., in the 
year 1904) selection had been done on the looal Kumpta cotton. This was mass 
selection done specially for long and fine staple. The variety resulting from this 
selection was continued till 1910 under the name Kumpta 0 4Q III. It was then 
found to be varying considerably and pure line selection was begun in order to 
reduce this variation, eleven plants being so selected. The progenies were found to 
be still variable, some of them being inferior to ordinary Kumpta. In 1909-1910 
Mr. S. V. Shevade made another selection for high ginning. In 1911-1912 
selection was continued in Kumpta 0 4Q III, and in the following year the 
progeny of plant No. 3 was found to be pure and was selected by Rao Saheb Kottur. 
From this the strain known as Dharwar I was derived. • 

This variety, which at the height of its popularity covered 160,200 acres in the 
Southern Maratha Country, belongs to an erect type having only from one to three 
monopodia. An average of its performance as against local Kumpta for 16 years 
fa as follows: 

Increased yield 10 per cent.; increased ginning percentage 3 per cent.; and in¬ 
creased value per candy of lint (784 lbs.) Ra. 20. 

From 1920, wilt trouble (due to the soil fungus Fusarium vasinfedum) became 
serious, and Dharwar I showed itself susceptible. This was a very serious situation 
indeed. It so happened however that beginning in 1913-1914 the Cotton Breeder 
had isolated anotherrace (No. 61*1, later called Dharwar II) for high ginning, 
ana this variety proved to be very wilt-resistant, the order of difference being 
(as an average of eight vears) 60 per cent, in Dharwar I and only 2 per cent, in 
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Dharwar II, the number of plants under observation being from 200 to 300 annually, 
and the tests made on one artificially infected plot. In 1922 a cross was made 
between these two cottons. The progeny of this was seleoted and has been fixed 
since the year 1926. In 1930 it was given the name Jaywant (meaning “ Victo¬ 
rious ”) and continues to justify its name. By means of a very efficient seed 
organisation it will in the current year (1931) have been spread over about two 
lakhs of acres. In yield, ginning percentage and staple it is entirely satisfactory, 
and for the time at least the wilt problem is no longer a source of worry, Jaywant 
being very wilt-resistant. There are other selections and crosses in Kumpta 
cotton made by the Breeder which must for the present be omitted and a few words 
said about breeding work in Dharwar-American cotton. As Dharwar was somewhat 
unsuitable for this type of cotton, a sub-station was opened in Gadag. In 1912 
Mr. S. V. Shevade, L. Ag., then Cotton Supervisor, separated out groen and white- 
seeded, yellow and white-flowered types, which were mass-selected and compared for 
yield. In 1913 Rao Saheb Kottur added two more types, i.e., Hairy or Upland and 
Glabrous or New Orleans, and all six were tried. In 1914 three lines of Upland 
were pure and good and one of these gave rise to the cotton later named Gadag I, 
which is now the cotton of the Dharwar-American tract. In point of staple it is far 
superior to Dharwar-American, giving 0’84 inch as against 0'70 inch. In good years 
it is capable of spinning 38’s and on the average will spin 32’s. Its yield, on the 
average of six con3ecutivo yoars, is givon 466 lbs. seed cotton as against 390. The 
area under this cotton is generally in the neighbourhood of a lakh of acres. 


II. Khandesu Area. 

The main bulk of the cotton grown in this area, which amounts to about 
1,300,000 acres, is short-stapled and of somewhat inferior value in the world’s 
markets. It has, however, a definite and not unimportant Indian demand. The 
cotton is early, high-yielding and high-ginning. Attempts to improve this cotton 
as to staple and spinning value, while at the same time retaining its high-ginning 
percentage, began as early as 1905, Dhulia being selected as the centre for such work. 
Introduction of new varieties, hybridisation and selection were the methods used. 
Of the introduced varieties Cambodia and Buri at first seemed successful but want 
of late runs seriously affected their outturn. On the whole the introduction of 
other varieties, whether Indian or foreign, was a failure. Attention was then con¬ 
centrated on the local crop. This turned out to be an extraordinary mixture of five 
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varieties recognised as botanioally distinct by Gammie. These were the following 
varieties of 0. neglectum :— 

Rosea * (generally called Neglectum Roseum or NR) 

Rosea cutchica 
Vera 

Vera mahensis 
Vera Jcathiawarensis. 

NR cotton is narrow-lobed and white-flowered. Experiments made with these five 
varieties since 1909 have shown that NR is the best of them, being drought-resisting, 
early, with bolls that mature uniformly and open well. It gives u high outturn and 
having also a high-ginning percentage gives a largo profit. The Department 
normally distributes seed for 30,(XX) acres NR annually. Since 1905 a series of 
crosses made originally during Mr. Fletcher’s time between the rough and dense- 
fibred Comilla (G. cernuum) and the finer and more prolific Jari ( G . neglectum var. 
vera) and Varadi ( G. neglectum var. rosea) were tried. Most of these were unsuitable 
on account of late maturity. In 1908 such crosses wore repeated and crosses were 
also made by Messrs. K. D. Kulkarni and M. V. Desai between Bani (G. indioum) 
and Comilla. These latter crosses were intended to combine the fine long staple of 
Bani with the high-ginning percentage of Comilla. The progeny of these crosses 
was continued, and in 1917 seven strains were supposed to be fixed but turned 
out still to be impure though promising. Work on these was continued by pure 
line selection and in the year 192(i ono of these was found sufficiently uniform and 
useful to be given a name. It was called Dhulia I and tested rigidly against NR 
and other competing strains. It came well out of these trials and in the year 1929 
wus given the name “Banilla” under which it is now known and Spread. In 
ginning percentage it gives 38 to 39 as against the 35 or 36 per cent, of unselected 
NR. It is capable of giving counts of from 12 to 20 as against NR’s 8 to 10. 
Its yield is about the same as that of NR. Its average lint valuation per 
candy of 784 lbs. is Rs. 150 against Rs. 130 for NR. Ifc has been an immediate 
Buocess and the demand for the seed is enormous, the area now under the crop 
being upwards of 100,000 acres. It is hoped to increase its resistance to wilt in 
the near future. Recently, the Indian Central Cotton Committee has made a 
provision of Rs. 1,60,340 to be spread over five years for the purification and spread 
of this cotton in wilt-free zones. 


•There has always been some confusion about the termination tiwt and - a in this connection, which 
it may be as well to clear up. The full name of NR cotton is Oottsypium neglectum , variotas rosea . The 
adjective neglectum agrees with the neuter generic name Qossypium and the adjective rosea agrees with 
the feminine word varidas (Latin for variety). 
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III. South Gujarat. 

Surat was one of the earliest centres of agricultural experiment in the Bombay 
Pre sid ency and the Farm is of long standing. Work on cotton began there in 1899 
under Mr. Mollison. As already mentioned, some of Mr. Gammio’s cottons were 
taken there and further selected by Mr. Fletcher and Mr. Main, the most famous 
being the one that finally resulted in 1027 ALF*. This is a hybrid the original 
parents of which (in the cross made by Mr. Gammie) were Goghari (a high-ginning 
short-stapled variety of 0. herbaeeum) and Kumpta (the G. herbaceum of the 
Southern Maratha Country). The final work on this progeny was done by the 
present Cotton Breeder of that area from the year 1917-18. Since 1919-20 three 
selections have been maintained pure by sclfing and the one selection of these 
(the sub-type 1027 ALF), which is spread on a large scale, haB occupied as 
muoh as 250,000 acres. The seed was first given out to cultivators on 
a large scale in the year 1919-20 when those interested in the growth and sale 
of Surat cotton came to the Department of Agriculture almost in despair and 
asked for something to bo done to restore the good repute of that cotton. 
All available seed of 1027 ALF was then distributed, and as this was not enough, 
the seed of another selection called IA was also given out. It is rather an irony 
of fate that this latter variety should in recent years have seriously interfered 
with the spread, the purity and the usefulness of 1027 ALF, which was distributed 
as a still farther purified stiain from 1921-22. Variety IA has a higher ginning 
percentage and this has resulted in cortain isolated communities (one in particular) 
resisting all attempt to covet the whole possible area with the one fine variety. 
Of the intrinsic value and beauty of 1027 ALF there is no doubt. As already stated 
it is the longest Btapled Indian cotton (staple one inch and spins 26's to 34’s accord¬ 
ing to the season). Its yield is also by no means low (the average of the last six 
years is 509 lbs. seed cotton per acre). The difficulties in connection with it show 
clearly that the difficulties of cotton improvement are by no means ended when 
the plant-breeder has evolved a good variety. 

The Broach area presents other problems, including wilt, and the Cotton 
Breeder has been able to produce a good^wilt-resistant variety called BD 8 (Broach 
Deshi 8) which is also being used in a series of crosses to combine high ginning 
percentage and long staple with the already good qualities of BD 8. This work 
is in progress. 

♦The origin of this name was a sub-division of variety 1027 into 1027 and 1027 A and of the Utter 
Into 1027 A Long and Coarse and 1027 A Long and Fine ALF). 
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IV. North Gujarat. 

North Gujarat is the home of a cotton variety called Wagad which belongs 
to the species 0 . herbaceum . It has the peculiarity that its bolls open only a very 
little way. Harvesting of cotton is done by picking the complete bolls and 
the cotton is extracted in the houses of the people. The Cotton Breeder of this area 
his now in hand certain selections from the local cotton, some made by the 
Cotton Breeder, 8. Gujarat, among which the varities Wagad 4 and Wagad 8 are 
prominent. They have been pure since 1919-20. Wagad 8 gives about 3 per 
cent, more ginning percentage than local and is superior in yield, while Wagad 
4 is particularly superior in staple. Various crosses have been made between these 
Wagad varieties and 1027, with the object of getting a cotton with the Wagad 
type of boll opening and a better staple. The progeny of the crosses so made 
present a large range of variation and work is now in progress on the isolation from 
this mass of forms of types likely to be useful. 

V. Sind. 

Experiments with exotic oottons in Sind date from 1846, when Egyptian 
seed was tried by Dr. Stocks at Shikarpur and Sea Island at Rohri by Major 
Golding. Both were unsuccessful. From 1852 to 1854 Sea Islaud and New Orleans 
cottons were again tried withoit success under an American planter, Mr. Prince. 
From 1868, for about 20 years, experiments on cotton introduction were carried 
on at farms opened near Hyderabad and Karachi, by Mr. Strachan, the cottons 
including both American and Indian varieties. This work must be called incon¬ 
clusive. 

With the opening of the Jamrao Oanal and the establishment of the present 
Agricultural Department exotic cottons were once more the subjeot of experiment. 

Mr. Fletcher (already mentioned in this article) started experimental work at Dhoro 
Naro with the Egyptian cottons, Yannovitch, Abassi, Mitafiffi, and Ashmoni, 
and also some American cottons. The work was subsequently transferred to 
Mirpurkhas where the yields were not so good but on the strength of the one good 
year at Dhoro Naro, Egyptian cotton seed continued to be imported year after year 
and tried out on an area that at one time reached 6,000 acres. The water-supply, 
however, became precarious and the cultivation was abandoned but sufficient 
experience had been gained to show that the breeding of a strain suitable to the 
Sind conditions was essential. 

American oottons were also the subject of experiment and by 1906 had been 
narrowed down .to a few varieties. By 1909-10, Mr. G. Henderson, then Deputy 
Direotor of Agriculture in Sind, recorded his opinion that Upland Amerioan cotton 
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could be grown in any part of Sind. By 1912-13, Mr. Henderson decided to push 
on the American variety “Triumph”, but the indifferent performance of the 
Jamrao Canal and the inadequate prices fetched by the cotton caused the attempt 
to be abandoned. Mr. Main then directed special attention to Punjab 4 F and 
other Punjab-Americans. Side by side with this work on Americans, selection was 
started on Sind Deshi cotton. The present Cotton Botanist (Mr. Thadani) then 
began his work. Sind cotton (like Khandesh cotton) was found to consist of 
several varieties of 0. neglectum. The varieties found in Sind were rosea, eutchica, 
vera and malvensis. Studies wore made of natural cross-fertilisation of cotton in 
Sind, and pure-line selection was begun. The vera and malvensis strains were 
gradually eliminated for poor ginning and poor yield respectively. Out of the 
rosea variety the type now known as 27 WN was evolved. This strain is capable 
of yielding up to 1,758 lbs. seed cotton per acre and averages about 1,000 lbs. It is 
early, gives about 5 per cent, more ginning than the deshi, has a bright colour and 
rough feel and is appreciated by the trade. Steps were also taken to isolate suitable 
strains from the Punjab-American cotton that had spread into Sind and of these 
the following have been isolated 

4 F (strain 18) 

285 F (strain 2) 

285 F (strain 1) 

Attention is at present concentrated on the first of these, which is being multiplied. 
The opening of the Sakrand Research Station was the signal for launching a new 
and comprehensive programme of work upon the whole range of cottons, Sea Island, 
Egyptians, Americans, and Deshi. As regards exotics the work takes the form of 
selecting strains suitable for poBt-Parrage conditions. Among the strains already 
selected can be found cotton varieties suitable for all purposes. These selected 
varieties can for convenience be divided into three classes, as follows:— 

Class I .—This comprises two strains, viz., Sea Island 2-4 and Boss III-16 
(an Egyptian cotton). These possess a staple of 1£ to in. and spin 60s to 
80s. 

Class II .—This comprises five strains, viz., Ashmoni 37 (an Egyptian variety), 
Ilartsville 111 and Acala 27 (both American), 285 F-21 and 289 F-l (both Punjab- 
American). These possess a staple of 1 to 1J in., and spin 40’s to 50’s. 

Class 111 .—Comprises two strains, vis., 4 F-98 and 285 F-2 possessing a staple 
of fths to 1 in. and spinning 34's to 40’s. As regards yield the order of these 
classes is practically reversed. The finer cottons are more susceptible to fluctua¬ 
tions of season and soil. These cottons are now being tested all over Rind i n 
rigidly controlled scientific trials. Crosses have been made of Punjab-American 
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cottons with Sea-Island, with Pima (Egyptian) and with the American cotton 
Meade. The progenies of these are under study and, in addition to direct plant¬ 
breeding work, information of value as to the inheritance of certain characters has 
been forthcoming. 

Conclusion. 

It is hoped that this very short and incomplete sketch has been sufficient to 
give a bird's-eye view of the activities of a small band of geneticists working on 
one crop in a province of very diverse conditions. The success which they have 
achieved in a comparatively short time should both serve to justify the application 
of science to agriculture and also be a note of cheer to all their colleagues 
throughout India. 
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AGRICULTURAL CHARACTERISTICS OP INDIAN AND 
AMERICAN .COTTONS IN THE KUMPTA- DHARWAR AREA. 

BY 

KAO SAHEB G. L. KOTTUR, M. Ao., 

Cotton-Breeder, Southern Maratha Country, Bombay Presidency. 

I.—Introduction. 

Dharwar enjoys both monsoons, and the climatic conditions are, on the whole, 
favourable for growing a large number of cotton varieties, of Indian and American 
origin. The local cotton is Kumpta, a variety of Gossypivm heibacei m but the New 
Orleans seed introduced by the East India Company about the year 1830 is still 
extensively cultivated under the name of Dharwar-American. On the experimental 
farm at Dharwar, Indian and American cottons have been tried for a number of 
years and the facilities thus afforded have enabled the writer to make observa¬ 
tions on the agricultural peculiarities of these cottons. 

II.— Characters Studied. 

The following characters which have a bearing on the successful cultivation of 
any cotton and are thus important to agriculturists, have been studied. 

1. Habit of growth. —Indian cottons make slow progress in the early Btage and the 
comparison between the two gioups 1 b then striking. But the American cottons 
stop growing much earlier, so that by the time the flowering commencesjhe position 
is quite reversed. At the end of the growing period, Indian cottons attain a height 
of 5 to 6 feet and the Americans 3 to 4 feet. At Dharwar, monopodial branches are 
much suppressed owing to the late sowing. Indian cottons however produce a 
varying number of monopodia and can accordingly be divided into sympodial and 
monopodial types. American cottons produce few monopodia and are all of 
sympodial type. In addition to the basal monopodia, Indian cottons produce 
vegetative shoots from the axils of the leaves on the main stem. These axillary 
growths rarely produce any crop but they interfere with the productivity of the 
fruiting branches and are a disadvantage. American cottons do not produce axillary 
shoots at all. On the whole, Indian cottons are more vegetative than American. 

2. Flowering .—-Among Indian cottons the sympodial types are early and the 
monopodial ones are late. But many of the American cottons are earlier than the 
sympodial Indian cottons. They flower within sixty days after sowing. All early 
cottons however flower in October when heavy showers are expected. After these 
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showers there is a cessation in flowering which is more prolonged in the case o! 
Indian cottons. American cottons are thus early to flower and early to recover 
from the effects of the October rains. 

3. Sowing time .—In the Kumpta-Dharwar area the middle of August is considered 
to be the most suitable time for sowing cotton. Cottons then sown have sufficient 
time to finish the necessary vegetative growth and flower when there are no rains. 
But owing to the uncertainty of the kharif rains, the sowing is done actually from 
the middle of August to the middle of October, lndiau cottons, including the local 
Kumpta, when sown later than the month of August, suffer in vegetativo growth 
and flower late. For these reasons late sowing in the case of these cottons is detri¬ 
mental to yield. In the case of American cottons, however, the effect is not so 
marked. These cottons can bo sown in September without any advorse results. In 
some years sowing done as late as the middle of October has given normal yields. 
American cottons are therefore better suited for late sowing. 

4. Soil exhaustion, manure and rotation .—Cotton and jowar (Sorghum) is the 
most common rotation in the Kumpta-Dharwar area. Where both Indian and 
American cottons are giown, the experience of the cultivators is that Indian cottons 
exhaust the soil more. This the cultivators know from the yields of the succeeding 
crop of jowar which are always heavier aftor American cottons. The latter there¬ 
fore forms a better rotation for jowar which is the most important staple crop in the 
tract. 

Indian types of cotton as grown at Dharwar do riot respond to direct manuring. 
If at all the yield is increased, it often does not cover the cost of the manure. For 
this rcaeon Kumpta cotton is always grown without any manure. American cottons 
however respond to manure and the growers do manure the Dharwar-American 
cotton in the tract. ' 

Kumpta cotton is generally rotated. A two-year rotation of cotton and jowar 
is more common in the Kumpta-Dharwar tiact. Cotton after cotton is seldom 
taken and the experience of those who have tried it is very much against it. All 
Indian cottons need rotation Apart from the reduction in yield which invariably 
follows, there is the danger from disease, especially wilt. In the case of American 
cottons rotation is desirable but we can dispense with it if neoessary. In the 
Dharwar district many cultivators continuously grow Dharwar-American cotton 
without any rotation. They think that they can with proper manuring do so 
indefinitely. 

5 . Resistance to drought.- This point has not been studied very carefully. Ono 
might expect that American cottons with large leaves would suffer more from 
drought. But our experience is that these cottons do well in dry years. Among 
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Indian types there is a good deal of variation but the best dronght-resistant cottons 
come from this group. 

6. Irrigation .—All irrigated cottons give increased yield in the Kumpta-Dharwar 
area, and although the scope for this kind of cultivation is very limited, high prices 
for cotton now and then stimulate its cultivation at the expense of other corps in the 
oanal and garden treas. If irrigation water is available in May, sowing of the 
neglectum types of cotton, especially the G. neglect urn var. rosea yields best. If, how¬ 
ever, the sowing has to be done in July or August, the herbaceum types are best. In 
both these conditions American cottonB were tried and found unsuitable. Of the 
American cottons Oambodia and Gadag I, both of which are very hairy, are more 
suitable than others. 

7. Insect pests .—Indian cottons are remarkably free from the attack of insects 
with the exception of the spotted boll worm ( Earias ) which is responsible for some 
shedding of young bolls and dowers. Amerioan cottons have also the boll-worm 
which is common, but in addition, are subject to the attacks of the following 

1. Red mite. (Tetranychus bioculatus). 

2. Jassids. Emposce Gossypii. 

3. Thrips. (Thrips). 

4. Aphis. (Aphis Gossypii). 

All these are very serious for Amerioan cottons. Jassids appear almost every 
year and are more severe on glabrous types. They concentrate their attack on the 
tender leaves and shoots and kill many young plants. The plants which thus 
succumb to their attack can be distinguished by the blackened shoots. In the case 
of older plants many of the affected leaves turn brown and shed. Red mites, like 
Jassids, attack the glabrous types more. All these are closely associated with the 
red and brown leaf-blights. These leaf-blights, it may be pointed out here, are the 
ohief cause of the failure of American cottons in this part of the country. Aphides 
occasionally cause serious damage to the rain-fed American cottons, but their attaok 
is almost always more severe on irrigated ones. 

8. Fungoid diseases .—Cotton wilt caused by Fusarium vasinfeotum is the only 
serious disease of the crop. It attacks the indigenous Kumpta cotton and oauses 
serious damage in some localities. Dharwar-American cotton is entirely free from 
this trouble. Experiments conducted at Dharwar on heavily-infected soil show 
that all Indian cottons are susceptible to the attack of thiB fungus, while the 
Amerioan varieties are in general immune to it. 

III.— -The futtjbe fob Ambbican cottons in thb Kumpta-Dhabwab abba. 

Amerioan eottons are thus agriculturally better than Indian cottons in certain 
respects, but they were not introduced into this country for these characteristics. 
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Hey generally possess a longer staple and the history of Amerioan cottons is there* 
fore intimately connected with the improvement of staple. With all the efforts, 
however, it has not been possible to grow longer-stapled varieties capable of spin¬ 
ning finer counts. We have Indian cottons which spin 30 to 40 oounts and al¬ 
though the American cottons cultivated so far are not much better than these growths, 
the former have still some attraction for the growers as well as for the consumers. 

Stapled Indian varieties generally require a longer growing period and they 
are mostly associated with low ginning percentage. They are cultivated 
only in those few tracts which are favourable for them. In all other tracts 
which have a shorter growing period short-stapled varieties predominate. In 
both these circumstances American cottons have an advantage over Indian 
varieties. In the traots which already grow long-stapled Indian cottons the 
introduction of American varieties is likely to improve the ginning percentage 
without any loss in staple. Similarly the tracts which are growing short- 
stapled cottons may be made to produce long staple, without much loss in 
ginning outturn. The eastern part of the Dharwar district which is not suited for 
Kumpta cotton, grows almost entirely Gradag I [Kottur, 1922] a selection of Dharwar- 
Amerioan. The latter gins six per cent, more than the indigenous long-stapled 
Kumpta and possesses equally good staple. 

The main problem of the Amerian cotton grower in this part of the country is 
how to eliminate or check leaf blights. Without this the cultivation is not attrac¬ 
tive. In short, American cottons which resist the blights and in addition possess 
good long staple with finer spinning properties alone have a future. 

REFERENCE. 

Kott ir (1922). A,qr>. J. India 17, 347. 
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MINERAL COMPOSITION OF THE FODDERS OF CENTRAL 
PROVINCES AND BERAR AND ITS BEARING ON ANIMAL 

NUTRITION 

BY 

A. R. PADMANABHA AIYER, B.A., 

Offg. Agricultural Chemist , Central Provinces , Nagpur 

AND 

R. N. KAYASTH, M.So., B.Ao., 

Assistant Agricultural Chemist , Central Provinces , Nagpur. 

For a long time studios on animal nutrition were directed towards finding out the 
energy values, starch values and albuminoid or nutritive ratios of food, and only 
recently importance is being attached to the mineral composition of the food or 
ration. It is now recognized that some of the diseases, functional disorders and in 
some cases malnutrition of the cattle are due, and can be traced, to the deficiencies 
of mineral salts in the ration. 

An attempt has been made to study the mineral composition of the ration < om- 
monly fed to the cattle of the Province. Since grass, Juar kadbi and coarse fodders 
form the major portion of the feed of the cattle, mineral composition of these fodders 
collected from various parta of the Province has been ascertained.* 

In Table I is given the mineral composition of the various important indigen¬ 
ous grasses of the Province, grown at the College Farm, Nagpur, in the area of the 
Second Economic Botanist, Central Provinces. In Table II is set out the mineral 
composition of the natural grasses and fodders grown in different parts of the 
Province. 

Table I. 

Mineral composition of the indigenous grasses grown at the College Farm, Nagpur . 


(Percentages expressed on 100 parts of dry matter.) 


Description of grass 

Silica- 
free ash 

CaO 

p. O. 

K a O 

Nitrogen 

(1) Ischamum sulcatum ( Paonia) . 

2*40 

0*52 

0*326 

0*50 

0-68 

(2) tdchaemum laxum (Skeda) 

3*56 

0*580 

0*223 

0*507 

0'43 


* The samples were ail oolleoted when, they had attained fall maturity. Mineral oomposi- 
tlon of the foddem and grasses out at different stages of maturity is being ascertained and the 
results will be set forth in a separate paper. 
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Table I— contd. 


Description of grass 

Silica- 
free ash 

Ca 0 

P.O. 

K t O 

Nitrogen 

(3) Andropogon purpureo&erictwt (Sant 
baba Jara ). 

3*72 

0*748 

0*321 

2*13 

0-67 

(4) Ueilema laxum (Muahyal) 

2*22 

0*790 

0 215 

0*875 

0*464 

(5) Andropogon anulalus (Lahan marvel) 

2 9:* 

0'683 

0244 

1*40 

0-539 

(0) Andr ipogov earwosus (Mothi marvel ) , 

2 34 ' 

1 14 ! 

0142 

| 2 36 

1 0*334 

(7) Andropogon pumilw ( DiwarcUan) 

7*87 

0*804 

0*374 

1*39 

0*816 

(8) Andropogon pertusus (Kd) 

302 

0*761 

0*316 

0*941 

0643 

(9) Andropogon monti cola (Oada eela) 

312 

0*870 

0*478 

0*625 

0*634 

(10) Apluda varia {Ponia) 

4-10 

0*685 

0*549 

1*16 

0*675 

(11) Andropogon contortua (spear •jass) 

2-25 

0*446 

0*330 

0*412 

0*450 

(12) Grass mixture of the 2nd Economic 
Botanist. 

8*08 

3*94 

0*310 

1*57 

0*871 


Table II. 

Mineral composition of the grasses and fodders collected from different parts 

of the Provinces. 


(Percentages expressed on 100 parts of dry matter.) 


Description of grass 

Silioa- 
free ash 

Ca O 

p, O, 

K a O 

Cl , 

Nitrogen 

(1) Grass from Tharsa Farm 

3*19 

0*449 

0*183 

0*545 

0*341 

0*731 

(2) Grass from Khandwa 
Farm. 

1*69 

0*505 

0*0345 

0*354 

0*0140 

0*287 

(3) Grass from Sindew&hi 
Farm. 

1*60 

0*465 

0*0728 

0*354 

0*0128 

0-395 

<4) Grass from Raipur Farm 

2*77 

0 f>69 

0*211 

0*337 

0*263 

0-549 

(6) Grass from Buldana 
Farm. 

119 

0*389 

0*0456 

0544 

0*112 

0305 

(6) Grass from Boigaon 
Farm. 

1*73 

0*565 

0*0615 

0*430 

0*151 

0-292 
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Table YL—eontd. 


Description of grass 

Silica- 
free ash 

CaO 

P.O, 

K, O 

Cl 

Nitrogen 

(7) Grass from Seoni Farm 

3*60 

0*688 

0*243 

0-966 

0214 

0*574 

(8) Grass from Powarkheda 
Farm. 

3-69 

0*732 

0*178 

0*872 

0*549 

0*466 

(0) Grass from Betul Farm 

3*3C 

0*580 

6*276 

0*934 

0*272 

0-666 

(10) Grass from Adhartal 
Farm. 

2*04 

0*488 

0*115 

0*173 

0*173 

0*705 

(11) Grars from Tellankheri 
Farm, Nagpur. 

3*93 

0587 

0*359 

2-00 

0*0714 

0*558 

(12) Hay from Tellankheri 
Farm, Nagpur. 

1*98 

0*675 

0-062 

0*693 

0*040 

0*416 

(18) Guinea Grara (Nagpur 
Farm). 

8-67 

J 1-81 

0*586 

1*81 

• • 

1*32 

(14) Glycine Bispida (Soy¬ 
bean), Nagpur Farm. 

8-20 

219 

0-376 

2-93 

00540 

2*65 

(15) Dolichus Biflora (Kulthi) 
(Nagpur). 

9*47 

2*95 

0*362 

1-960 

00040 

2*52 

(16) Cyamopsis (guar) . 

10-01 

5*42 

0*423 

3-94 

0*215 

307 

(17) Berseem from Nagpur 
Farm. 

13-70 

6-88 

0*765 

4-20 

0-7956 

3*02 

(18) Kadbi from Borgaon 
Farm. 

5*60 

1*00 

0*122 

3-38 

0-828 

0*328 

• 

(19) Paddy straw from 
Raipur. 

5-90 

0*933 

0-385 

322 

0-488 

0*448 

(20) Wheat straw from Jub- 
bulpore. 

3*93 

0*717 

0*150 

0-778 

0*238 

0*380 

(21) Good cultivated pasture* 
(England). 

6*97 

1*10 

0*765 

2-97 

0*90 

2*93 

(22) Poor Pasture not eaten* 
(England). 

3*13 

0*30 

0*37 

1*61 

0*33 

182 


♦Taken from * Minerals in Pastures ’ by J. B. On*. 


It will be seen from an examination of the figures in Tables I and II that 
0. P. grasses are very poor in phosphoric acid and caloium contents and generally 
resemble the sample of “ Poor pasture not eaten in England ". The grass produced 
from the seed mixture [Mahta and Dave, 1930] evolved and advocated by the Second 
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Economic Botanist, C. P., resembles the good pasture of England in mineral com* 
position excepting that it is still deficient in phosphoric acid. The grass mixture of 
tile Second Economic Botanist, C. P., which contains a high nitrogen and calcium 
content, is recommended to bo tried on all farms wherever possible. 

Iif Table III is given the mineral composition of the grasses grown in different 
typical soils of the Provinces. 


Table III-A. 

Mineral composition of grasses grown on heavy soil. 
(Expressed per 100 parts dry matter.) 


Description of grass 

Silica- 

free ash 

CaO 

P.O, 

K, O 

01 

Nitrogen 

Powarkheda Farm Maryar soil 
(8). 

3*69 

0*732 

0*178 

0*872 

0*649 

0*466 

Tharsa Farm Moxand soil (1) . 

3*19 

0*449 

0*183 

0*646 

0*341 

0*731 

Raipur Farm Kanhar soil (4) . 

2*77 

0*669 

0*211 

0*337 

0-263 

0*549 


Table III-B. 

Mineral Composition of grasses grown on light soil. 


(Expressed per 100 parts dry matter.) 


Description of grass 

Silica- 
free ash 

OaO 

P.O, 

K a 0 

t ! 

Cl 

Nitrogen 

Sindewahi Farm Ward! soil (3) 

1-66 

0*466 

0*0728 

0*354 

0*128 

0*396 

Grass from Khandwa Farm 
Light soil (2). 

1-69 

0*605 

0-0346 

0*364 

0*149 

0 287 

Grass from Boldana Farm 
Light aoQ (5). 

1-19 

0-389 

0-0456 

0*644 

0*112 

0*306 


From an examination of the figures in Table III it will be seen that where 
the soil is heavy and contains a high clay oontent and consequently is more rich 
in mineral substances than a light soil, the grass grown on such a heavy soil is 
richer in mineral composition than that grown on a lighter soil. As fertility 
of the soil affects the composition of the grass grown on it, experiments have been 
laid out at Adhartal and Nagpur Fauns to improve the mineral composition 
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of the grasses by suitable manuring, 
published later. 


{I, v. 


The results of these experiments will be 


In the eastern parts of the Province, viz., Chhattisgarh Division, paddy 
straw and the grass growing there form the maintenance ration of the cattle. In 
the western and the middle parts of the Province, viz., Berar and Nagpur Divisions, 
green Juar, kadbi, and the grass growing in the parts oomprise the maintenance 
ration, whereas in the northern parts of the Provinoe, viz., Jubbulpore, wheat 
straw and the grass make up the maintenance ration. Sometimes the cattle 
may get a little ootton seed or til cake. The mineral composition of the fodders 
forming the maintenance ration of the cattle in the three parts is given below 
(Table IV). 


Table IV-A. 

Mineral composition of the fodder and concentrate (.Eastern part of the Province). 


Name of the sample 

CaO 

P. O, 

K 2 0 

(1) Grass, Raipur. 

0*669 

0*211 

0*337 

(2) Paddy straw. 

0*933 

0*385 

3*22 

(3) Tur Chuni . 

0*371 

0*568 

1*57 

(4) Cake (7V/). 

2*42 

2*03 

1*30 

(5) Rice Honda . . 

1-06 

7*49 

0*913 


Table IV-B. 


Berar and Nagpur Division. 


Name of the sample 

j 

Ca 0 

P, O, 

K t 0 

(1) Grass Nagpur ...... 

0*565 

0 0610 

0*439 

(2) Juar . 

1*00 

0-122 

3*38 

(3) Cotton seed ....... 

0*406 

1-20 

0*943 
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Table IV-C. 


Jubbulpore Division. 


Name of the sample 

CaO 

i 

r. o. 

K, 0 

Grass from Adhartal .... 

. 

. 

0*488 

0*115 

0*173 

Wheat straw. 

• 

. 

0*717 


0*778 

Calce (Til) . 

. 

. 

2*12 

2-03 

1*30 

Lftkhori ...... 

• 

• 

0*378 

0*83 

1*05 


If tho cattle do not get some concentrate daily, the mineral requirements of the 
cattle are solely met from the bulk fodder. It is only occasionally the ordinary 
cattle got concentrates. All tho fodders are invariably deficient in phosphoric acid. 
The lime deficiency may not bo so pronounced as Jmr, Jcadbi, paddy straw, and 
wheat straw contain a good proportion of lime. The addition of an oil-cake in the 
ration may make up a little towards the phosphoric acid deficiency. The mineral 
requirements of a growing calf and a milch cow are greater than those of the 
ordinary cattle. 

Although mineral requirements of che cattle in India have not been ascertained, 
preliminary experiments conducted on Adhartal Farm, Jubbulpore, on feeding with 
bonemeal tend to show that the cattle are immensely benefited. 

The problem of supplying sufficient phosphoric acid to the cattle will have to 
be tackled. 

Summary and recommendations. 

(1) Mineral composition of the grasses and fodders growing in different parts of 
the Provinces used as cattle-food is given. 

(2) The grassos grown on heavy black soils are richer in mineral content than 
those grown on light soils. 

(3) C. P. grasses are very poor in phosphoric acid and oalcium contents com¬ 
pared with the good pasture of England. 

(4) The lime deficiency may not be so pronounced as phosphate deficiency, for 
jmr, kadbi, paddy straw and wheat straw which form a good part of the ration 
contain high proportion of lime. 

(5) The problem of supplying sufficient phosphate to the cattle must be solved. 
Experiments on the economic feeding of phosphate to the cattle are now proposed 
to be carried out at different farms. 
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(6) Hie addition of an oil-oake may make up a little toward* the phosphate 
deficiency, and the lime deficiency if any can be made up by addition of leguminous 
fodders in the ration. 

(7) The poor stunted growth of the cattle in Chhattisgarh may be due to the 
phosphate deficiency in the ration. 

(8) Our grasses ate very deficient in nitrogen content. 

(9) Growing and feeding of leguminous fodders such as berseem, guar, soy¬ 
bean, hulthi, lakhori where possible should be encouraged. 

(10) In the rice tract, the rice polishings (konda) which is rich in phosphoric acid 
should not be wasted but utilised in feeding to the cattle. 

(11) In the wheat tract bhusa of the leguminous crops Bhould form a part of 
the ration to the cattle. 

REFERENCE. 

Mahta and Dave (1990). Agric* J. Ind. 25, 220. 



A NOTE ON SUGAR RESEARCH IN INDIA. 


BY 

R. 0. SRIVASTAVA, B.So., 

Sugar Technologist , Imperial Council of Agricultural Research, India. 

Part I. 

The existing organization and scope of sugarcane research and experi¬ 
mental work in India. 

The following note is divided into three sections dealing with (a) breeding of 
improved varieties and associated problems, ( b ) fungus and virus deseases, (c) insect 
pests. The following officers of the Imperial Institute of Agricultural Research. 
Pusa, are responsible for the preparation:— 

Section (a). —Rao Bahadur T. S. Venkatraman, Government Sugarcane 
Expert; 

Section (b).— Dr. W. McRae, Imperial Mycologist; 

Section (c).—Mr. T. Bainbrigge Fletcher, Imperial Entomologist. 

Section (a).—Breeding of improved varieties and associated problems. 

I. Origin. —The Coimbatore Station was started in response to a demand from 
the Imperial Legislature of the pre-Reform days and the Press. It was ur^ed that 
the steadily increasing imports of white sugar into India was having a very depress¬ 
ing effect on the indigenous raw sugar industry. It was feared that, if the increase 
continued, India might lose yet another crop in the sugarcane which would have 
a very disastrous effect on the agricultural economics of the land. The All-India 
Board of Agriculture in 1911 recommended such a station, and it came into being in 
1912. 

II. Object. —Though India has within her confines an area under sugarcane 
more than that of any other single country of the world, she has to import every 
year large quantities of white sugar (worth between fifteen and twenty crores of 
rupees) even to meet her domestic needs. This is because of the relatively low 
acre production of cane in India and of defects and wastage in methods of manu¬ 
facture. The reason for the low acre yields, though perhaps partly agricultural, was 
found traceable in a large measure to the poor class of canes grown over the bulk of 

( 633 ) 
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the Indian area. The Station was started to breed improved canes for every part 
of India. 

III. Scope of research and experimental work .—The breeding of improved canes 
for every part of India—-with its wide variation of soil and climatic conditions—was 
sought to be achieved by growing the cane from seed instead of from cuttings as is 
ordinarily done by the cultivators. This method had proved its utility for the 
purpose in the other cane countries of the world. When the Station started working, 
however, it was found that the experience oE the other countries was of but limited 
use to India, as the problems were rather different and in certain respects cotapli- 
cated and unique. For one thing the breeding technique had to be greatly improved. 
Secondly, the indigenous canes had to be exhaustively studied to obtain ideas about 
the direction in which the improvements are needed. The cane plant had also 
to be studied as an organic whole and in all its bearings to soil and climatic environ¬ 
ments. 

The research and experiment.! 1 work in progress at the Station includes:— 

(1) Studies on times of flowering and floral fertilities and experiments to 

control and influence both. 

(2) Improvements in breeding and nursery technique for raising in large 

numbers the type of seedling desired. These involve studies in 
methods of pollination, germination and preservation of sugarcane 
pollen, stigma receptivity, and preservation of seeds in viable 
condition. 

(3) Raising experimental batches of seedlings from each parent for securing 

data on the type of seedlings produced and the inheritance of characters. 
This has resulted in a ‘ black ’ list of parents not to be used in crossing. 
Constant investigations are in progress to discover the particular 
parent to employ for securing in the resultant hybrids such characters 
as are desired. 

(4) Descriptions of canes for purposes of identification and studies in external 

morphology for classification purposes. 

(5) Studies on sugarcane germination, the right kind of material to plant 

sporting in caneB, and mode of branching. 

(6) Studies on root-systems of different varieties, including plan and rapidity 

of deve! opment, anatomy, periodicity and susceptibility or resistance 
to adverse soil conditions. Breeding experiments with a view to 
influence and alter the type and rapidity of root development. 

(7) The chemistry of the sugarcane plant,including estimation of juice quality, 

study of facto re affecting this quality, mode of ripening and effect of 
germination on the composition of the planted cuttings. 
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(8) Study of the internal and external morphology of canes for ascertaining 

possible factors rendering them resistant or susceptible to various pestB 
and diseases and to animal attacks. 

(9) Study of the wild Bugarcanes with special reference to their hardiness, root- 

systems and disease resistance to explore the possibility of their use as 
parents in cane-breeding. The comparative health of the crops in the 
area devoted to the breeding of medium types is considered to be 
largely due to the use as parents of wild and hardy canes. 

(10) Experimental testing of the new productions alongside of the standard 

canes for their botanical and agricultural characters and juice quality. 

(11) Besides the above, there are in progress sundry investigations on methods 

of labelling, methods of transporting live cane material, propping of 
canes and attempts at improvement of tools used in the various agri¬ 
cultural operations. 

IV. Organisation. —The organization for carrying on the above research and 
investigational work consists of:—(1) A farm consisting of 90 acres. Out of 
this 29 acres is ear-marked for work in connection with the breeding of the thick 
type of canes. (2) Two Class I Officers one of them devoting his time entirely 
to the breeding of the thick type of canes -and one Class II Officer. ('■’>) Seven 
botany and agricultural assistants with a suitable subordinate staff under them. 

The bulk of the Indian area i« situated in the sub-tropics and about two 
thousand miles away from Coimbatore. To obtain data regarding the behaviour of 
the new productions in the provinces and suitably adjusting the breeding pro- 
giamme at Coimbatore on such data, the staff tour in the provinces and try and 
maintain personal touch with the local officers of each province. A sub-station in 
North India has been considered a desideratum for some time ; and'during the 
current year such a station on a temporary footing for live years has been started 
with the holp of funds placed at the disposal of the Imperial Department of 
Agriculture by the newly constituted lininsrial Council of Agricultural liesearch. 

V. Results obtained .—The area under the improved canes bred at Coimba¬ 
tore and distributed in the pi evinces by the provincial departments of agriculture 
is rapidly approaching 20 per cent, of the total area and is bound to rapidly 
increase in the future. The increased profit to the growers from the cultivation 
of the Coimbatore canos in place of the old kinds is estimated at about four hundred 
lakhs of rupees. The expenditure on the station is about three quarters of a lakh. 

Section (b).—Fungus and virus disease. 

The organization for the investigation of sugarcane diseases, in British India 
consists of a Mycologist with appropriate staff in Pusa; Lyallpur, Punjab; Cawn- 
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pore, U. P.; Nagpur, 0. P.; Poona, Bombay; Coimbatore, Madras; and Mandalay, 
Burma, and in Indian States in Bangalore, Mysore State; and Trivandrum, 
Travanoore State. These laboratories deal with diseases of agricultural orops within 
the areas they serve. The following is an indication of the work being done with 
regard to diseases of sugarcane:— 

Pu8Q. —The following diseases described in Butler’s “ Fungi and Disease in 
Plants ” have been investigated in Pusa :—Smut (Ustilago scilaminea), rust ( Puooinia 
kuehnil), ring spot { Leptosphaeria saochari), black rot [Sphaeronema adipostm Butl., 
CeratostomeUa adiposum (Butl.) Sartoris], dry rot (Thyridaria tarda), collar rot 
(Hendersomna saochari), red rot (Golletotriohum falcatim), wilt (CepJialosporium 
saehari), brown leaf spot ( Cercospora longipes), helminthosporium (HeJminthos- 
poriutn saochari) banded sclerotial disease and sooty mould. Root-rot, top-rot, 
Sderospora saochari and mosaic disease are under investigation. Mosaic disease 
was discovered in Pusa in 1921, was suspected in 1924 and diagnosed again 
in 1925. Since then the Pusa staff has discovered it in every province in India, 
except the Central Provinces and Burma where it was found by the local mycologist 
after a search induced by the information received from Pusa of its widespread 
existence. The amount of mosaio in 1925 in Pusa varied on the different varieties 
up to 60 per oent., while by 1931 it had been brought down to 005 per cent, by 
continuous roguing. 

Experiments have shown that mosaic disease has spread very slowly in Pusa 
during the last three years in contradistinction to the results in Coimbatore where 
it spreads extremely rapidly. The vector of spread has not clearly demonstrated 
in India yet. 

A careful experiment has demonstrated the exact loss in tonnage and in 
quality of juice due to mosaic disease in the season 1930-31. The loss in tonnage in 
Co. 213 was 4 6 per cent, and in Co. 205 was 8 - 6 per cent. In Co. 213, the quality 
was reduced to a small extent, while in Co. 205 there was little, if any, reduction. 

Red-rot which once was a serious disease on Pusa Farm has been eradicated by 
careful selection at planting. During the last four years the crop has been com¬ 
pletely free from this disease. 

The Imperial Council of Agricultural Researoh has made a grant of Rs. 49,210 
for the further investigation of mosaic and other disease of cane and thin year 
additional staff will be recruited and a new laboratory built in Pusa. 

Punjab.— A committee for the study of mosaio was formed in 1928 with the 
Associate Professor of Botany as convener. The lines of work are (a) a study of 
the cause of mosaio disease and its effects on the sugarcane crop and (b) measures 
of control For this work a quarter acre plot of Co. 223 on the Lyallpur Farm was 
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aettticle. The disease became evident about the end of May and remained dis¬ 
tinguishable till the end of December, i.e., as long as the leaves of the heart of 
the plant remained green. It is reported that stems of mosaic infected plants 
when grown by themselves becomo stunted in growth; the length of the internodes 
in the upper half of the cane being reduced to about half the normal size. 

Cane is being rogued on all the farms in which it is grown. 

Central Provinces. —Streak disease was found on four varieties of cane only 
on those farms where Java 213 was grown but is not considered of much impor¬ 
tance and mosaic disease has apparently but little ill effect. An investigation 
of Striga (Agya) is being carried on, and it has been found that an application of 
a 3 per cent, solution of copper sulphate destroyed the parasite without damaging 
the cane. 

Madras. —A survey of mosaio disease in the varieties of thick and thin canes 
in the Presidency has been made and it haB been found in all the cane-growing 
areas. Experiments to test the rate of spread and the relative susceptibility 
of varieties have been in progress for three years. In Coimbatore the spread in 
the field is very rapid. In thick caneB stunting is sometimes apparent and the 
characteristic markings are seen on the stem. Here it may be recalled that stunt¬ 
ing has been noticed in the Punjab also but nowhere else. 

Burma. —The incidence of mosaic disease in the various agricultural stations 
has been determined. An investigation of the amount of spread and of the relative 
susceptibility of the varieties grown in Burma is being made and it has been stated 
that mosaic reduces the tonnage and the sucrose content. 

Section (c ).—Insect Pests. 

As regards organization of work in India on cane pests, there Is no all- 
India organization. What work is being done is scattered and unco-ordinated 
and, so far as I know, there is no inter-provincial supply of information on this 
subject. 

So far as Pusa is concerned, we have studied cane pests, and especially borers, 
for the last fifteen years or so, and have acquired a fair knowledge of the occurrence, 
life-histories and identities of the various insects which attack sugarcane. The in¬ 
formation obtained was published in the Report of the Second, Third and Fourth 
Entomological meetings (and separately in Bulletins) and in the Annual Reports 
of the Imperial Entomologist. At present experiments on control of Soirpophaga 
are being done. 

In Madras some investigation of cane-borers has been made, mostly at Coim¬ 
batore and in the Qodavari District, but, so far as is known, no continuous work 
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has been done or any results published. In Mysore Dr. Kunhi Kannan investigated 
the local cane-borers about 1918-22 and wrote a short note in the Proc. Fifth Entom. 
Meeting, but no more recent work is known. In Burma some preliminary investi¬ 
gation of cane-borers was made in 1921-22 and a short note published also in 
Proc. Fifth Entom. Meeting, but no more recent results are available. Sporadio 
investigation of borers has also been made in the Punjab, whence a new species 
of borer was sent to Pusa, but no general or recent results are available. 

As regards scope of sugarcane pests’ research, attention has previously been 
drawn to the large losses caused by borers, which may be placed at Rs. 30,00,00,000 
annually at a conservative estimate. With the introduction of the more Bucculent 
Coimbatore canes into Northern India and the extension of large areas of cane in 
new districts, such as North Bihar, such damage is likely to increase very consider¬ 
ably in the near future. 

As regards means for the mitigation of such damage, a special expansion of 
stall is required to take up this work on a larger scale than is possible at present. 

Part II. 

The economic position of the Indian sugar industry with special reference 

TO cost of production. 

India is believed to be the original home of sugarcane and the existence of a 
sugar manufacturing industry in India can be traced back to at least twenty-five 
centuries. At present India is the second largest sugar-producing country in the 
world although the bulk of its output is of an inferior kind. The area under cane 
in India is about 3 million acres, which iB approximately a quarter of the world’s 
sugarcane acreage. Of this aroa, 75 per cent, lies in the three provinces — Bihar, 
the United Provinces and the Punjab. Although these provinces lio in the sub¬ 
tropical regions, the high temperature and humidity during the monsoon months 
from June to September are extremely favourable to the growth of c-an e and the 
succeeding dry months hasten its ripening. The natural advantages conducive to 
an abundant supply of raw material are therefore obvious. 

In respect of supply of labour also India stands in a favourable position as 
compared with other sugar-producing countries. It is necessary that sugar fac¬ 
tories should be located within easy reach of their cane supplies, as it is proved that 
the sucrose content of cane decreases if considerable time elapses between cutting 
and crushing. Thus the majority of the sugar factories are situated in rural aTeas 
and draw their labour supplies from the surrounding villages. He season of sugar 
manufacture extends roughly from the time when the kharif ciop is leaped until 
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the rdbi is harvested, the months in whioh agricultural employment is generally 
small. For this reason little difficulty is experienced in obtaining an adequate 
supply of labour, rhe following table shows in a comparative form the rough 
average figures for wageB paid to unskilled labour in different sugar-producing 
countries:— 

Countries Wages 

Rs. a p. 

0 8 0 
0 8 10 
1 0 0 
1 12 10 

2 5 4 

3 5 4 

4 0 0 

11 6 4 2s. per hoar for 8 
hours 40 minutes 
work per day. 

India is in a still stronger position in having a large home market for sugar. 
At present India imports about one million tons of sugar annually, about 100,000 
tons is manufactured in India in refineries or central factories, while a varying 
amount estimated at 200,000 to 250,000 tons is manufactured by Khnndsaris. 
In addition to this some 2J million tons of gar are consumed each year. The 
total consumption of gur and sugar may be valued at not far short of Rs. 60 
crores, annually. Java, Cuba, the West Indies, Mauritius and Hawaii, the 
most important of the cane Bugar producing countries, have practioally no home 
market, the total consumption amounting to 630,000 tons against a production 
of about 8,800,000 tons annually. It is, therefore, obvious that in this respect 
India enjoys a deoided advantage. 

The per capita consumption of sugar (excluding gur) in India iB increasing 
from year to year, while that of gur has been decreasing. The Indian Bugar 
industry has therefore a two-fold scope for expansion in the home market, viz .:— 

(а) by displacing the imported white sugar, 

and 

(б) by displacing the indigenous gur. 

Passage may now be made to the cost of sugar production in India. Factories 
look for their cane supplies to the small holder as about 99 per cent, of the 
cane produced in India is grown by him, and in order to attract and obtain 
sufficient supplies, the price offered should be adequate enough to persuade him to 
depart from his old practice of turning the crop into gur. 

8a 


India . 
Java . 
Philippines 
Natal . 
Mauritius 
Cuba , 
Hawaii 
Queensland 
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The following statement gives figures for two typical Indian factories 
employing the sulphitation and carbonation processes, crushing 400 tons cane 
per day of 22 hours, with a recovery of 9*2 and 8*7 per cent, cane respectively. 
The average prices of cane have been taken at Re. 0-6-11 and Re. 0-6-10 respec¬ 


tively per maund. 

Cost of production per 
md. of eager 

Particulars Factory A Factory B 

Sulphitation Carbonation 

Be. Be. 

1. Oostofoane. • 4*77 4*80 

2. Fuel.0353 0*34 

3. Ume stone, coke, sulphur and lime.0*11 0*260 

4. Lubricants. 0*08 0*19 

0. Filter doth. 0*023 0*136 

6. Gunny bags.0*17 0*10 

7. Sundry mill stores. 0*06 0*07 

8. Salaries and wages. 0*823 0*88 

9. Managing Agent's oharges. 0*80 0*30 

10. Depreciation of machinery and buildings .... 0*60 0*78 

11. Mainten&noe of machinery and buildings .... 0*209 0*097 

12. Interest and Insurance. 0*188 0*067 

13. Commission and Brokerage. 0*019 0*026 

14. Miscellaneous oharges. 0*106 0*142 


Total . 7*861 £*482 

iJtdurt molasses at Re. 1-6-0 at 3*6 and 3*2 per cent, on cane . 0*635 0*000 


Nti cost of sugar per maund (including packing) ex-faotory . 7*226 7*976 


Average . Bs. 7-8-11 per maund. 

The price of cane is generally reckoned at Re. 0-6-6 per maund delivered at 
factory, which corresponds to Re. 0-5-0 to Re. 0-5-6 actually received by the 
grower. The return to the oultivator under present conditions is so small that 
it does not offer him any inducement for adoption of improved methods of oulti- 
vation. An enhancement of Re. 0-1-6 per maund is necessary, bringing up the 
price of cane paid by the factories from Re. 0-6-6 to Re. 0-8-0 per maund. 

According to the report of the Indian Tariff Board on the Sugar Industry 
(1931), the ligare8 for the oasts of atypical Indian sugar factory employing the 
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sulphitation process, crashing 13 lakhs maunds of cane annually with a recovery 
of sugar 9 per cent., cane are given below :— 

Per rnaund of 
sugar 
Rs. a. p. 


1. Dane at 8 annas a rnaund.. 5 8 10 

2. Other raw material. 0 2 0’ 

3. Labour.080 

4. Power and fuel.013 

5. Supervision, office charges and establishment.0 113 

0. Current repairs.070 

7. Packing.020 

8. Miscellaneous ... ....... 0 10 0 


Total . 8 3 1 

Deduct molasses at He. 1-8 at 4 per cent, on cane (52,000 mds.) . . . 0 10 8 


Net oost • 7 8 5 

It is stated in the Report that all charges have been estimated on a comparison 
of various factories, allowance being made for exceptional circumstances. Whereas, 
as in the case of repairs and renewals considerable differences occur from year 
to year, average have been taken over a series of years. 

The fair selling price of white sugar made at a similar factory is estimated 
in the Report as follows :— 

Per maund of 
sugar 
Rs. a. p. 


dost of production.785 

Overhead charges and profits @ 10 per cent.1 13 4 


Grand Total . 0 0 9 


Tht) following table allowing published figures for costa of production in different 
countries is given for comparison. 

dost of pro duo- 
tion 

Rs. per md. 

(1) Java . . 

. under 3*92 

(2) Cuba . 

4*05 

(3) Fiji. 

5*92 

(4) British West Indios. 

5*96 

(0) Hawaii... 

6*53 

(6) India . 

7*50 

(7) South Afrioa. 

7*58 

(8) Germany. 

7*05 

(0) Formosa (High grade) . 

8*46 

(10) U. S. Beet . . 

9*00 

(11) Australia. 

11*09 

(12) Argentina. .... 

. 11*70 

3 A 2 
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In spite of favourable natural conditions the industry has to be helped by a high 
tariff on imports. This is so primarily owing to increased outside competition due 
to over-production. The efforts made by the industry to effect improvements have 
been successful to a large extent. By more efficient control of manufacturing oper¬ 
ations and by more extended cultivation of improved canes the average recovery of 
white sugar factories has increased from 6*85 per cent, in 1919 to over 9*00 per 
cent, in 1929-30, the highest figure attained by any one factory being 10*43 per 
cent. The number of modem factories manufacturing sugar direct from cane has 
increased from 18 in 1919 to 30 in 1929-30, while 14 refineries make sugar from 
gut. 

India in less able than other countries to weather the outside competition as the 
industry, particulary on its agricultural side, is passing through a period of recons¬ 
truction. The improved varieties of sugarcane which were introduced in reoent 
years are being planted more widely eveiy year. It is estimated that in 1930-31 
over 816,000 acres (that is over 26 per cent, of the total sugar cane area in India) 
was cultivated with these canes. 

These facts show what progress India has made and what position she now 
holds. The average recovery of sugar which, as stated above, is now over 9 per 
cent, on the weight of cane will, it is hoped, steadily increase. With improved 
varieties of cane, yielding crops of 30 tons and more per acre, the outturn of sugar 
per acre will amount to between 2| and 3 tons, which is higher than that of most 
other countries excepting Java. Steady progress in both the manufacturing and 
agricultural sides together with the recent increase in duty should result m mate¬ 
rially bettering the economic position of the Indian sugar industry. 
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FIELD EXPERIMENTS. 

BY 

H. V. GARNER, M.A., B.So., 

Rothamsted Experimental Station , Herts, England. 

(Roprinted from the Journal of the Ministry of Agriculture, Vol. XXXVIII, No. 3, 

June, 1931.) 

In continuation of the series of conferences that have been held at Rothamsted 
during recent years, an interesting meeting took place on May 7, when the subject 
for discussion was the Technique of Field Experiments. Previous conferences have 
been rather in the hands of farmer visitors in the Bense that most of the papers 
were contributed by them, but the scientific and technical workers had the stage to 
themselves on this occasion. The gathering consisted largely of agricultural, educa¬ 
tional and advisory officers, several being Imperial Agricultural Officers on leave 
in this country. Sir Daniel Hall, whose early work at Rothamsted in connexion 
with the experimental errors of field trials had opened up this important and fruit¬ 
ful field of investigation, was in the Chair. 

Using as his illustration the yield data from the classical uniformity trial 
carried out by Marcer and Hall at Rothamsted in 1910, Dr. R. A. Fisher gave an 
exposition of the principles underlying field trials. The major source of error was 
unquestionably soil variation, working errors in the field being with ordinary care 
relatively unim portant. The urgent need in field experimentation was the redaction 
of error and its valid estimation. In discussing results we must be able to pick out 
those that could not reasonably bo ascribed to chance causes. To achieve this it was 
necessary to replicate the treatments and assign them to the experimental area 
at random. A further principle was the division of the experimental area into 
“ blocks ” each one of which contained a single representative of each of the treat¬ 
ments, the actual position of the treatments within their block being random. 
While re taining the random principle this enabled gross fertility differences between 
blocks to be eliminated on calculating the results, with consequent reduction of 


error. 
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Prof. R. Q. Stapledon followed with an aocoant of the methods used in glass- 
land studies at Aberystwyth. The chief point of interest which called for the 
development of a special technique, was the eSeot of the grazing animal on the 
sward. The most promising method so far developed was the use of tethered sheep. 
This enabled grazing of any required degree of intensity to be arranged, and also 
permitted of the high degree of replication necessary in such work. Replication, 
however, brought its own difficulties, for the amount of botanical analysis required 
to ascertain the changes in a large number of samples was enormous. The diffi¬ 
culty had been met by estimating the botanical composition of the herbage in place 
of the usual laborious analysis. Prof. Stapledon claimed that the results obtained 
in this way by a practised observer checked up remarkably well with the actual 
figures, and the much larger number of samples which it was possible to deal with 
justified this plan. The lawnmower, now frequently used in herbage experiments, 
produced an effect on the turf completely different from that of the grazing 
animal. 

The technique of variety trails as carried out by the National Institute of Agri¬ 
cultural Botany was then described by Mr. S. F. Armstrong, and the practical 
details in his paper could not but be of great value to those taking up this class of 
work. 

Mammal trials were dealt with from two points of view. Mr. A. H. Lewis of 
Imperial Chemical Industries, Ltd., in his paper on Multiple Schemes of Field 
Experiments, gave a very interesting account of the methods employed in carrying 
out, at a laTge number of centres throughout the British IsleB, simple mammal 
trials on a uniform system. Three-by-three Latin Squares were UBed, and these, 
although of only slight precision taken singly, could yield valuable general .results 
when statistically combined. A small travelling thresher mounted on a lorry had 
been very successful in dealing with cereal plots—always a difficult problem on the 
commercial farm. Some interesting results of work of this kind carried out on 
maize by the firms’ representatives in Portugal were also communicated. 

Another aspect of the mode of experimentation on commercial farms scattered 
over a wide area was presented by Mr. H. V. Gamer, of Rothamsted, who described 
the methods used in repeating the rather complex experiments of the Research 
Station under ordinary farming conditions. 

The special difficulties inherent in experiments on fruit and horticultural crops 
were set out by Mr. T. N. Hofclyn, of East Mailing, and the methods employed to 
meet them were outlined. The long life of the crop plants, and the extreme 
variability of the material, made a series of individual records necessary in the case 
of fruit tree*. The weight of crop produced was not the only consideration; the 
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amount ol blossom was a farther index of productivity. It was also necessary to 
reoord on© or more of the various measures of “ vigour” which were most suitable 
under the circumstances. To collect and handle these records and observations 
expeditiously, ingenious labour-saving devices have been developed, and some of 
these were described. The horticultural experimenter has special problems which 
do not trouble those dealing with farm crops ; for example, when series of different 
trees are included in the same experiment it is difficult to decide whether a uniform 
or individual system of spraying or pruning should be adopted. On the whole a 
uniform system was preferable. 

Mr. D. J. Watson, of Rothamsted, dealt with tbe principles and practice of 
sampling farm crops for estimation of yield. A satisfactory technique had been 
worked out for cereals that involved only a slight loss of precision. There w^re, 
however, gains in other directions, and in particular experimentation with cereals 
became possible on farms where the individual threshing of small plots was not 
practicable. 

In the discussion which folio ived, several speakers pointed out that much had 
been done to improve agricultural practice by the use of comparatively crude 
methods of experimentation. This is true in new countries, where a manurial treat¬ 
ment or variety may produce striking effects, and straightforward methods have 
their uses to demonstrate large differences to farmers. For the bringing out of those 
finer points, which are nevertheless worthy of the farmer’s notice, a technique 
involving the principles laid down in the conference is the safest basis for advisory 
work. 



THE NUTRITION OF THE CHICK AND ITS EFFECT ON GROWTH, 
MATURITY, EGG PRODUCTION AND MORTALITY.* 

BY 

J. H. PRENTICE, B.So., B.Agb., R. G. BASKETT, B.Sc., and G. S. ROBERT¬ 
SON, D.So., 

Ministry of Agriculture, Belfast. 

It is proposed to confine the Bcope of this paper to a discussion of some of the 
recent results of experimental work on the nutrition of chicks carried out at the 
Empire Marketing Board Poultry Research Station in Northern Ireland. 

Investigations commenced in 1923 showed quite clearly that a great impetus 
to the growth rate could be given by the addition to a cereal ration of small quan¬ 
tities of mineral salts having a composition olosely allied to that of the minerals 
in eggs, and that little or nothing was to be gained by adding to a normal chicken 
ration substances rioh in vitamins. In 1925 the North of Ireland workers joined 
forces with Scotland and formed a joint committee for the better organisation 
of the work. The work of the committee undertaken at a number of centres in 
Scotland and in Northern Ireland demonstrated in a very striking manner that 
the addition of milk to a ration of mixed cereals doubled the rate of growth, and 
that for this purpose separated milk was as good as if not better than whole milk. 

The experimental work summarised heref represents in the main a develop¬ 
ment and amplification of the work of the nutrition of poultry commenced by 
the joint committee of Scotland and Northern Ireland. The deliberate aim of the 
work in Northern Ireland has been the solution of practical problems as met with 
in the industry, and whatever fundamental value it may have accrues as a conse¬ 
quence and not as an object of the work. 

The general principle underlying the whole of the work in Northern Ireland is 
that nutrition plays a far more important part in the growth and development 
of the birds, maturity, mortality and disease resistance, profitable disposal of sur¬ 
plus oookerels, egg production and the sise of eggs of the pullet, than is generally 
realised, and that all these factors must be taken into consideratioQ in measuring 
the significance and practical application of experimental rations. 

* Reprinted from Pamphlet No. 87 issued by the Ministry of Agriculture, Northern Ireland. 

t A full aocount of the work will shortly be published in Vol. 8 of the Journal of the Ministry of 
Agriculture, Northern Ireland. 
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The Effect of Nutbition on the Gbowth and Development of the Ohiok. 

The object of the experimental work undertaken under this heading during 1928 
may be stated as follows - 

(1) To determine the extent to which the remarkable growth results which follow 
the addition of separated milk to a cereal ration were due (a) to the mineral con¬ 
tent of the milk and ( b) to the protein content. 

(2) To explore the possibilities of devising a ration consisting of cereals and 
protein and mineral-rich substances which would give results comparable to those 
obtained by the use of separated milk. 

The arrangement of the experimental groups was as follows :— 


Group A. 
Croup B. 
Group C. 

Group F. 


Baaal mash : water to drink. 

„ „ pltw 3*76 per cent. Mineral Mixture : water to drink. 

„ „ „ separated milk ad hi to drink. 

(tfo access to water.) 

„ „ ,» 5 per cent. Fish Meal. ^ 


Croup U. 


„ per cent. Soya Bean Meal and 
3 1 per cent. Mineral Mixture. 


Group H. 


„ 2 jier cent. Earthnut Cako meal. 


S-Water only to drink. 


2 per cent. Soya bean meal. 

„ 3 per cent. Linseed Cake meal. 

,, 3*1 per oent. Mineral mixture. 
Croup I. Intensiv e mash. 


The percentages stated are in terms of the mash fraction of the ration. Scratch 
grain was fed to all groups and represented approximately 50 per cent, of the 
total food consumed. 

The cereal mash was composed of (parts by weight) Bran 2, Maize Meal 1, Sus¬ 
sex Ground Oats 1 and Sharps 1, and was fed dry in every case, and each group 
bad an unlimited supply constantly before them. The composition of the mineral 
mixture* was based on the minerals in milk. The intensive mash fed to Group 
I was changed weekly for the first four weeks and was a modification of a ration 
reported as giving good results in the United States. It made its appeal because 
of its unorthodox nature. The approximate composition is set out in the 
following table:— 

* Composition of mineral mixture: Steamed Bone Flour 72 per cent., Common Salt 11 per cent., 
Potassium Chloride 141per cent., Sulphur 2 per cent., Ferrio Oxide } per cent.. Potassium Iodide 
*07 per cent. 
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Table I. 


1st 

week 

2nd 

veek 

3rd and 
4th weeks 

5th to 
13th weeks 

14th week 
to 1st egg 


Per oent. 

Per oent. 

Per oent. 

Per oent. 

Per oent. 

Bran. 

86*3 

82 

75*7 

81*9 

33-8 

Maize Meal. 

— 

— 

— 

10*5 

33*3 

Sussex Ground Oata . 

— 

— 

— 

10*5 

33*3 

Sharps. 

— 

— 

— 

10*5 

— 

Fish Meal. 

1*5 

3*0 

6*4 

10*5 

— 

Earthnut Cake Meal • 

1*6 

3*0 

5*4 

5*2 

— 

Linseed Cake Meal 

— 

— 

— 

5*2 

— 

Dried Buttermilk 

9*2 

9*2 

8*1 

10*5 

— 

Steamed Bone Flour • 

1*5 

3*0 

5*4 

6*2 

— 


Pure bred White Wyandotte chicks have been used throughout the whole of the 
experimental work and the rations usually commenced when the chicks were four 
days old. In the various experiments the groups varied from 50 to 100 chicks each. 
Alternate grass runs each measuring 60 ft. by 37j ft. were available for each group 
of chicks. 

The chicks in the above groups were woighed at weekly intervals. A summary 
of the results is set out in Table II and illustrated in the chart on p. 656. 

Table II. 


Group 

Ration 

Av weight 
at start 

• 

Av. weight in grams at end of 

one week 
old (grms-) 

5th week 

9th week 

13tb week 

A 

Basal (mixed cereals) . 

450 

128 

339 

668 

B 

Basal pins Minerals «... 

45*0 

192 

631 

1,158 

0 

Ba*al plug Sep. 101k .... 

47*6 

272 

837 

1,484 

F 

Beaal pine Fish Keel .... 

45*7 

222 

644 

1,280 

G 

Basel pine Soya Bean pine Mineral* 

46*1 

225 

693 

1,319 

H 

Baaal phi* Mixed Vegetable protein pin* 

1 mineral* . . .... 

46*1 

204 

687 

1.181 

I 

Intewlve Maak. 

46*3 

275 

808 

1.439 
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This particular experiment has in its main aspects been repeated several times 
in Northern Ireland and at each of the Scottish centres. The results illustrate :— 

(1) the remarkable effect of the place of nutrition upon the growth and develop¬ 
ment of the birds (Oroups C, I and A). 

(2) the important part played by the mineral consituents of the ration 
(Group B). 

(3) that the attempt to construct a ration which would give as good results as 
milk was completely successful in the case of Group I and only partially successful 
in the case of Groups F, G and H. 

Subsequent work during 1929 was mainly concerned in separating out the 
factors responsible for the highly successful results obtained with the intensive mash 
fed to Group I, and with exploring the possibility of improving the results for 
Group G (soya bean meal) by increasing the proportion of extracted soya bean fed. 
The limitations set to a Congress paper make it impossible to detail the actual ex¬ 
periments. The intensive mash fed to Group I is obviously too complicated to be 
adopted in general practice and efforts were made to simplify it. The evidence 
shows that the high proportion of bran is neither necessary nor desirable and its 
substitution by a basal mash of mixed cereals such as the one quoted gives even 
better returns. It is, moreover, quite unnecessary to alter its constitution, week by 
week. 

Attempts to improve the extracted soya bean ration fed to Group G were 
completely successful. Eighteen per cent, of soya bean meal added to the basal 
mash and minerals has given results equal to those obtained from the basal mash 
and separated milk and no digestive disturbances were experienced as a result of 
inducing chicks four days old to consume a mash containing 18 per cent, of ex¬ 
tracted soya bean meal. The results from a typical experiment are given in 
Table HI. 
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Table HI. 

Average weight per chick in grams. 


Age 

Basal plus separated 
milk to drink, 
grains 

Basal plus 4 per cent 
Minerals plus 18 per 
cent. Soya Bean Meal: 
water to drink 
grams 

2 days ....... 

46*7 

44*6 

5 weeks ....... 

355 

337 

8 weeks. 

900 

869 

12 weeks . . 

1359 

1345 

Pullets only : 14 weeks .... 

1414 

1441 

181 weeks .... 

1802 

1831 


Relation of Nutrition to Mortality Rate. 

The relationship between nutrition and mortality is recognised generally but 
it is at least doubtful if its economic importance is appreciated fully. A complete 
mortality record has been kept of all the chicks hatched at the station, and the 
mortality rates of the various experimental groups reared during the past two 
years are set out in Table IV. 

Table IV. 


Ration 

No. of chiokens on 
which percentage 
is based 

Mortality 
% ' 

* 

Basal (cereals only). 

125 

200 

Basal plus minerals. 

195 

13*3 

Basal plus milk .. 

730 

5*0 

Basal plus Soya Bean meal plus minerals 

227 

9*7 

Intensive mash. 

641 

6*5 


The differences shown in the table are sufficiently striking to require no 
comment. The comparison is probably not quite fair in the case of the chicks 
reared on the basal ration and soya bean meal because there is included in this 
group all the chicks reared on the rations containing varying proportions of 
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extracted soya bean meal (from 6$ to 18 percent.). The group containing 
the lower proportion of extracted soya bean meal did not grow so well as and 
the losses were heavier than in groups reared on mashes containing 18 per cent, of 
soya bean meal. 

Relation of Nutrition to Maturity in the Pullet. 

The influence of the several rations recorded above on the maturity of the 
pullets and on their weight at maturity is also very marked, as iB shown in Table V. 


Table V. 


Ration 

j 

Age when 

1st egg 
laid 

Average weight 
in grams when 
1st egg laid 

Basal.. 

i 

186 days 

1,716 

Basal plus minerals .. 

14# „ 

1,726 

Basal plua milk. 

137 „ 

1,880 

Basal plus soya bean plus minerals. 

141 „ 

1,809 

Intensive Ration. 

135 „ 

1,800 


It is common knowledge amongst poultry keepers that the ration fed to the 
chick does influence the rate of maturity, but it is frequently assumed that pullets 
which are permitted to mature rapidly are undersized and underdeveloped, and 
that after the first few weeks it is desirable to slow down the rate of development. 
Such has not been our experience. The best fed groups have matured the most 
quickly, but, as will be seen from the table, they are the heaviest and the best 
developed birds and as will be shown later they have proved the best producers. 

Attention should be drawn to one other interesting and important fact dis¬ 
closed by the above table, namely, that it is the mineral, and not, as is frequently 
supposed, the protein content of the ration which determines the rate of maturity. 
That this is so is really not surprising when it is borne in mind tha t it is the 
“ mineral fertilisers ” and not nitrogen which accelerates the maturity or ripening of 
plants. 

The Effect of the Nutrition of the Chick oh the Subsequent Egg 
Production of the Pullet. 

The rearing rations fed to the pullets in the experimental groups A, B and 0 
referred to were continued in the case of each group until the first egg was laid, 
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when Hie ration was immediately ohanged to a standard laying mash which will be 
continued for a period of two years. As the seoond year of the laying results 
are not yet available the results for the first oomplete year only have been tabu¬ 
lated. All the birds in eaoh of the groups were trapnested throughout the entire 
period and eaoh egg weighed individually. 


Table VI. 


Groups 

Ration on which pullets were reared 

1 

■ 

E 

Average No. 
of eggs laid 
per bird 1st 
September, 
1028, 31st 
August, 
1920 ! 

Average 
weight 
of eggs 
in gms. 

Average 
wholesale 
cash value 
of eggs 
per bird 






«. <*. 

A 

Basal-f water .... 

10 

174*4 

60*2 

21 11 

B 

Basal-f Minerals-f- water to drink . 

18 

207*8 

57*3 

20 1 

C 

Basal-f separated milk to drink . 

23 

215*5 

58*7 

25 11 

F 

Basal-f 5 per cent. Fish Meal 

20 

204*8 

56*1 

25 3 

G 

Basal+OJ per cent. Soya Bean-f- 
Mmerals. 

21 


57*8 

25 4 

I 

Intensive Mash .... 

24 

191*7 

56*0 

23 4 


In the case of Group I, reared on the intensive mash, the experimental ration 
was withdrawn at the end of the 13 weeks and the pullets continued on the basal 
ration fed to Group A with the object of delaying maturity. Maturity was delayed, 
but as a consequence the birds matured at a lower body weight. With the same 
object the birds in Groups F, G and H were placed on the Group B mash (basal-f- 
minerals only) at the end of the 13th week. Maturity was not delayed and neither 
was the weight at maturity depressed. 

Ihe figures themselves emphasize adequately the benefits accruing from better 
rearing and do not confirm the view that it is a mistake to rear the pullets on what 
is termed a “ forcing ” ration. One of the most interesting features of the table is 
the excellent returns secured from the pullets reared on tile basal ration-|*uiinerals 
(Group B). 

The Effect of the Eation on the Disposal of the Cockerels. 

To obtain a complete picture of the effeot of the various rearing rations it is 
necessary to explore their eifect on the cockerels. It is our practice at the station 
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to dispose o! all the surplus cockerels in the rearing groups at an average weight of 
approximately $$ lbs. to a firm of intensive poultry fatteners. The position with 
regard to the cockerels is set out in Table VII. 


Table VII. 


Group 

Bearing ration 

No. ol 
days 
required 
to 

reach 

standard 

weight 

(Sifts.) 

Actual 
average 
weight 
on re¬ 
ceipt 
at fat¬ 
tening 
plant 

Price 
per lb. 
received 

Con¬ 
sump¬ 
tion per 
bird 

Whole- 

sale 

price 

received 

from 

Factory 

Cost of 
Food 
per 
bird 

Value 
less 
cost oi 
food 




lbs. 

d. . 

lbs. 

■ 

d. 

d. 

A 

Basal 

154 

3*65 

10 

24*06 

35*5 

33*92 

158 

B 

Basal-f Minerals. 

105 

3*63 

13 

16*25 

47*2 

23*4 

2380 

0 

Basal-f separated milk 

Oi 

355 

13 

*14*56 

46*15 

20*22 

2593 

F 

Basal+Fish Meal 

98 

3*37 

13 

14*50 

43'81 

21*30 

22*51 

G 

Basal+Soya Bean + 
Minerals. 

93 

3*55 

13 

13*98 

46*15 

20*18 

25*97 

I 

Intensive Mash . 

91 

362 

13 

1418 

47 06 

25*25 

21*85 


* Inducting the milk oonsumed. 

Here again comment appears to be superfluous. The cheapest ration, that is 
the basal ration, left only 1 \d. per bird over the cost of the feed due to the lower 
price per lb., and the much longer time required to reach the 3| lb. weight (154 days 
compared with 91) and the conse juent much greater food consumption. Qn the 
other hand the basal and separated milk group (0) and tho soya bean + mineral 
group (Gr) left a surplus of almoit 2?. 2d. per bird over the cost of feed. The 
excellent results, obtained from the addition of a small quantity of minerals to the 
basal ration (Group B) is also noteworthy. 

Intensive Poultry Fattening for Table Purposes— is it Sound? 

It has already been mentioned that the practice followed at tho research station 
is to dispose of all surplus cockerels when they have reached a live weight of 
approximately 3J lbs. The birds are sent to a firm ol intensive poultry fatteners 
who condition them (trough feeding) for a period of 10-14 days in metal cage 
batteries, each battery holding 96 birds and each cage 6 birds. The practice of the 
firm is to buy chickens varying in weight from 3 to 4 lbs. from farms and poultry 
keepers and during the period of 10 to 14 days’ fattening, an average of £ a pound 
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is added to their live weight and the quality, tenderness and flavour of the dressed 
bird is consequently greatly improved. Through the oourtesy of the firm facilities 
were put at our disposal for following out the subsequent history of several of our 
experimental groups and the information obtained during the 1928 season is set out 
below— 


Group 

Rearing Station 

Average weight 
on reoeipt at 
Factory 

Average weight 
after 10 days 
intensive 
fattening 

Gain -f 
or 

loss — 



i 

lb. 

lb. 

Per oent. 

0 

Basal-f separated milk . 

355 

3*44 

—3*1 

D 

Ditto 

3*37 

3*54 

4*5*0 

E 

Ditto 

348 

3-60 

4-3*4 

I 

Intensive mask . 

3-02 

3*79 

4-4*7 


The results from the fatteners’ point of view were so disappointing that 
unfortunately all surplus cockerels from the remaining groups A, B, F, G and H 
were killed on receipt at the factory. 


The information obtained 1b, however, of such a nature as to raise the whole 
question as to whether, if birds are properly reared, intensive fattening is sound 
practice. Accordingly during 1929 two further series of experiments were carried 
out. (1) A group of chickens 13 weeks old (both sexes), average weight 1,400 grins, 
(approximately 3 lbs.) was divided into two groups one of which was sont direct to 
the intensive fattening plant and the other retained in the plant and fed <tn their 
normal ration with free access to their grass runs. Particulars of the two groups 
and their live weight gains are set out below— 


Group 

Age in 
days 

Average 
weight 1 
per bird 
at start 

No. of days 
feeding 
continued 

Average 
weight 
por bird 
at end of 
period 

Average 
gain per 
bird per 
day 



gms. 

i 

gms. 

gms. 

Research Station 


1,394 

13 

1599*4 

15*8 

Intensive Poultry Fattening 
Plant. 


1,401 

15 

1590*0 

12*6 
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(2) The second experiment consisted of a batch of chick 10 weeks old (both 
sexes) and weighing approximately 790 grams (If lb.). As before, they were split 
into two groups, one being sent to the factory and the other retained at the station. 
As these wore much younger and lighter birds, it was arranged that the factory 
would notify the research station of the day on which the experiment a as 
to be discontinued. Unfortunately a delay occurred and the birds at the research 
station were not actually weighed out of the experiment until six days after the 
birds at the intensive poultry fattening plant had been killed. The results were 
as follows:— 


Group 

Age in 
ilaya 

Average 
weight 
per bird 
at start 

No. of days 
feeding 
continued 

Average 
weight 
per bird 
at end of 
period 

Average 
gain per 
nird per 
day 



gms. 


g'J0». 

gms. 

Research Station 

70 

m 

21 

1250-9 

21*9 

Intensive Poultry Fattening plant 

70 

761 

15 

948-6 

12*5 


So far as White Wyandottes are concerned it has not been possible to obtain 
any evidence that the intensive poultry fattening plant is capable of putting on 
live weight gains comparable with those that can be obtained with a proper ration 
fed under poultry farm conditions. The results seem to raise the question of 
whether the intensive poultry fattening plant is a necessary or desirable adjunct to 
the industry and wo feel justified in suggesting that serious consideration should 
be given to the matter before any attempt is made in this country to develop 
intensive poultry fattening plants on similar lines to those in operation in Canada 
and the United States. In principle the intensive poultry fattening plant is 
illogical. Its industrial success iB based mainly on the supply of “ store ” or badly 
reared chickens. The store chicken should disappear from poultry farming just as 
surely as the store pig has ceased to play any part in swine husbandry. 


Sb 
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Lot A Baaal Ration only. 

Lot B „ „ +3 75% Mineral*. 

L>t 0 if I, +6ep. Milk. 

Lot F „ „ +5% FUh Meed. 

lot O . w „ +0-5% Soya+H20% Minerals. 

Lot H „ „ +2% Rarthnut Cake Meal. 

+3% linseed „ 

+2% Soya Baaa MeaL 
, , . „ +*-l»0% Miaeeefe 

Lot 1 Special Rattona. 







AGRICULTURE IN RUSSIA. 


(Reprinted from the Journal of the Ministry of Agriculture, Vol. XXXVIII, 

No. 3, June 1931.) 

Widespread interest has been aroused by the resumption, during the current 
cereal year, of exports of com from Russia on a substantial scale ; and the impor¬ 
tance of the matter prompted the International Institute of Agriculture to undertake 
an examination of the available data to ascertain the nature of the changes that have 
taken place in Russian agriculture since the revolution, and the possibilities of fur¬ 
ther expansion in production and exports of corn. A summary of the results of this 
investigation was presented to the Preparatory Conference of the Second World 
Wheat Conference held towards the end of March last in Rome ; and, in the 
following paragraphs, an indication is given of a few of the more important features 
of this summary, amplified in certain directions by information from other sources. 

In so far as Russian industrial activities are concerned it may be said briefly that 
the revolution resulted in the almost complete transference of control to the State. 
As regards agriculture, however, control for the most part still remained in private 
hands, and in consequence it was inevitable that difficulties would arise as between 
industrial and agricultural interests. These difficulties had several phases, starting 
with the forced requisitions of agricultural products during the period of so-called 
“ War Communism ” followed by the “ New Economic Policy ” that allowed 
greater freedom of action to the peasants, while a further phase may be said to have 
commenced with the putting into operation of " the Five-Year Plan This Five- 
Year Plan started with the economic year October, 1928, to September, 1929, a^id 
in regard to agriculture the plan provides for what is described as reorganization 
on a collective baBis. The reorganization of agriculture is to be accomplished by 
the provision of large and increasing supplies of agricultural machinery and ferti¬ 
lizers in addition to the wide dissemination of technical and other propaganda, 
while “ collectivization ” involves the grouping together of the huge number of 
small peasant holdings. In this latter connexion it may be noted that, according 
to statistics relating to 1926-27, the total number of peasant holdings was then 
upwards of 24 millions, with an average sown area of only 9 acres. Of these holdings 
nearly one-fifth had a sown area of less than 3 acres, while at the other end of the 
scale only on 1*4 per cent, of the holdings did the area under crops exceed 43 
acres. 

The collectivization of agriculture is being carried on in two directions, v%z., by 
the establishment of State farms (sovkhoz) and of collective peasant farms (kol- 
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khoz). Amn n g the State farms a number are organized especially for the purpose 
of cereal cultivation, to a large extent on fresh land. At the moment there exist 
175 of these specialist cereal farms with a total area of appioximately 30 million 
acres. As many as 50 of these have an area of over 250,000 aores eaoh, while 4 
exceed 500.000 acres each. It would appear that as yet these farms are not being 
utilized to their fullest extent, inasmuch as in 1931 the area sown is only expected 
to be about 13 million acres. That progress has been made, however, is indicated 
by the fact that the State farms as a whole are estimated to have accounted for 2'8 
per cent, of the total area under cereals in 1930 compared with 1*2 per cent, in 1928, 
while in 1931 the proportion contributed by the State farms is expected to rise to 
6*4 per cent. 

Collective farms represent groups of individual peasant holdings operated as one 
farm. In all instances the land is the common property of the peasants concerned, 
but degrees of difference exist as to the extent of common ownership in the build¬ 
ings and the live and dead stock, and as to the manner in which the results of the 
harvests are divided. Rapid increases have been recorded in “ collectivization ”, 
it being estimated that in 1929 some 15| per cent, of the total number of holdings 
were in collective farms, in 1930 about 271 per cent. Moreover, in the principal 
cereal-growing areas it is anticipated that in 1931 as many as 80 per cent, of the 
holdings will be in collective farms and that over the whole country in that year 
collective farms will contain nearly 41 per cent, of the total area under cereals. 

Even before the operation of the Five Year Plan substantial increases had been 
recorded in the numbers ot tractors in Russia, the total rising from under 3.000 in 
1924 to nearly 32,000 in 1928. The majority of the machines were imported, the 
number manufactured in Russia being less than 4,000 in 19 ,*8, although it is anti¬ 
cipated that in 1932 it will bo possible to provide nearly all the tractors required 
from home manufacture. In 1930 the power of the tractors available for agriculture 
was estimated at 900,000 horse power, while the corresponding figure for 1931 is 
stated to exceed 2 million horse power. For the most part these tractors arc put 
at the disposal of “ tractor-centres, ” which contract with collective farms to do 
their ploughing, sowing, harvesting, etc. In payment the tractor centres receive 
one-quarter of the harvest, and in addition the collective farm has to undertake to 
deliver to the centre, at prices fixed by the State, the surplus balance of the harvest 
after deduction of any amounts required for food, etc., on the farm. According to 
the Five-Year Flan, by the sping of 1931, these tractor-centres were to number 
1,105, with machines developing 692,000 h. p. 

While the use of artificial fertilizers has made considerable progress it is still 
relatively limited, the total amount utilized being estimated at 666,000 tons in 
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1929*30, compared with 216,000 tons in 1927-28. At the same time it is anticipated 
that by the development of home resources the figures in 19:11 will be increased to 
2,400,000 tons. 

In the foregoing paragraphs an attempt has been made lo furnish a broad 
outline of the changes that have taken place in Russian agriculture in the direction 
of State control, and of the efforts that are being made to incroase productivity and 
total yield. It now remains to deal with the actual area and production of cereals 
in Russia and the possibilities of tho future. 

The total area of Soviet Russia may be roughly classified as follows :— 



Millions 

of 

acres 

Proportion 
of total per 
cent. 


Arable Land (including gardens). 

4C5 

8*4 

Permanent Oram .. 

247 

4-6 

Forests. 

1,472 

27*3 

Other Productive Land. 

99 

1-9 

Total Productive Land 

2,273 

42-2 

Unproductive Land. 

297 

6*6 

Land not used for Agriculture. 

2,131 

39*5 

Land not classified. 

689 

12*8 

Total 

5,300 

I 


Rather over 40 per cent, of the total area falls under the heading of productive 
land, but of this nearly two-thirds is under forests, arable land representing some¬ 
what more than one-half of the remainder. The bulk (about 370 million acres) of 
the arable land lies in the black soil belt, but the total area of this belt is estimated 
to be approximately 620 mill i on aores, and there are, therefore, considerable possi¬ 
bilities of an extension of cultivation. At the same time it is necessary to remem¬ 
ber that climatic conditions in large areas of the black soil belt are by no means 
very favourable for corn growing, inasmuch as the rainfall is often inadequate and 
periodic droughts occur. The remainder of the land included in the table above 
under the last two categories would appear, as a whole, to be unsuitable for crops, 
although in some degree lending itself to stock-raising. 

Apart from the possibilities of increasing production by the cultivation of fresh 
land, it is of importance to note that over the greater part of Russia the predomi¬ 
nant rotation is one of three years, with the land lying fallow every third year. 
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In consequence, about 30 per cent, of the arable area in the above table is fallow 
land, and the general adoption of a more modern system of farming would obviously 
enable the total output to be increased irrespective of any extension of the total area. 

The progress that has so far been made in increasing the sown area is indicated 
by the following table:— , 


Year 

Cereals 

Area sown-millions of aores 

Total 

Industrial 

Crops 

Other 

Crops 

1925 






220*1 

17*7 

24*8 

262-6 

1926 

• 





236*7 

16*7 

25*0 

277*4 

1927 






239*8 

17*8 

26*5 

284*1 

1928 


• 




227-7 

21*3 

36*9 

285*9 

1929 


0 




237*2 

21*8 

38*3 

297*3 

1930 

• i 

1 • 


* 

* 

252*0 

26-4 

43*8 

322*2 


Over the whole period the area sown has risen by nearly 60 milli on acres or 
about 23 per cent. Bather over one-half of the increase in area has occurred in 
cereal cultivation, although it may be noted that proportionately by far the heaviest 
gains have been recorded in industrial and other crops. During the last two years 
shown in the table the rate of increase has tended to accelerate, a circumstance 
which must presumably be attributed to the operation of the Five-Year Plan, 
and in 1931 the total sown area is planned to reach 363 million acres of which cereal 
crops are to comprise 274 million acres. 

According to Russian computations the area and production of the principal 
corps in 1930 were both much in advance of the 1913 level, with the single excep¬ 
tion of barley. Much of the increased area under cereal crops has been devoted 
to wheat-growing, the area under wheat having risen from some 63 mflHnti acres 
in 1925 to 86 million in 1930. Further notable extensions to the wheat area are 
planned, and the total is to be increased to 101 million acres in 1931 and to 113 
million acres in 1932. The area under barley, oats and maize has also been extend¬ 
ed, but in the case of rye the area has been reduced. In 1929 some 64 million 
acres were under rye, 46 million under oats, 20 million under barley, and 9 tnilljrm 
acres under maize. 
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total yields of the principal cereal crops are given below:— 



* The figure for wheat, whioh is provisional, is the only one so far available. 


The table shows clearly the very marked increase that took place in the pro¬ 
duction of wheat in 1930, although before that year the rising area under wheat 
was not reflected in heavier production, owing to variations in the average yield 
per acre. In 192B and 1926 the average yield of wheat per acre over the whole 
country was 6*6 cwt., but in 1927 it dropped to 5*3 cwt. per acre, and while the 
next year showed a recovery to 5*9 cwt., in 1929 there was a further reduction to 
5 cwt. per acre only. The average yield in 1930 at 6*4 cwt. was again good, 
although slightly inferior to the yields of 1925 and 1926. Thus during a period of 
six years the highest figure was nearly one-third more than the lowest. Equally 
noticeable variations have occurred in the average yields of barely, oats and maize, 
although the yield of rye has been decidedly more stable. 

With regard to other crops reference may be made to the important extensions 
that have been planned to take place in the areas devoted to sugar-beet, cotton, 
flax and tea. During 1931 the area under sugar-beet is to be raised to 3J million 
acres, which would represent an increase on the year of 31 per cent. The probable 
production of beet is put at about 21 million tons, with a yield of very nearly 2J 
million tons of raw sugar as against less than If million tons in the preceding 
season. Efforts are to be made to piovide more beet-drying plants, and it is hoped 
thereby to extend the sugar-making season to 155 days compared with 80 to 120 
days in recent seasons. The area devoted to cotton in 1931 is to be 5,700,000 
acres, from which nearly 2 million tons of iaw cotton are to be obtained, or nearly 
one-half as much again as the corresponding figure for 1930. The probable output 
of cotton fibre is put at about 660,000 tons. Compared with 1930 the area under 
flax is to be increased in 1931 by 14 per cent, to 5,200,000 acres, and in conse- 
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quenoe it is anticipated that the output of flax fibre will rise from 410,000 tons to 
560,000 tons. In regard to tea it is proposed to plant in 1931 a further area of 
33,000 acres and to prepare an additional area of 39,000 acres for the same purpose. 
State tea farms are to be organized on a large scale. 

Turning to the live-stock side of the agricultural industry, the situation dis¬ 
closed by the following figures of numbers of live-stock in Russia is in marked 
contrast to the position in arable farming. 


Live-stock in Russia (Millions of heads). 


Year 



Horses 

Cattle 

Sheep 

Pigs 

1916 


. 

. 

. 

30'8 

600 

113*0 

20*9 

1924 


. 


. 

24*7 

66*7 

96*1 

21*3 

1927 




. 

31*1 

68*2 

126*8 

23*2 

1928 


• 

• 

. 

33*6 

70*7 

133*6 

26*1 

1929 

• • • 

• 

• 

• 

34*0 

67*2 

1340 


1930 

• * 0 

• 

• 

• 

31*2 

63*8 

100*0 

13*2 


Marked increases were recorded between 1924 and 1928, and in the latter year 
the numbers were, with the exception of horses, well above the totals in 1916. 
In 1929 further slight increases occurred in horses and sheep, but cattle and pigs 
declined in number, while in the next year all classes of live-stock suffered heavy 
reductions. As a result, the numbers of oattle and pigs in 1930 were much the 
smallest of the years covered by the table, while sheep were only slightly more 
numerous than in 1924. In commenting on these figures the International Insti¬ 
tute of Agriculture ascribes tha 'eductions mainly to the policy of collectivization, 
as a result of which the peasants slaughtered or sold for slaughter large numbers 
of animals. At the same ti ne the Institute points out that fodder crops were 
poor in 1929 and in some areas in 1930 also. 

It would appear that the Soviet authorities are taking steps to deal with the 
situation partly by restricting the slaughtering of young stock, and partly by 
esta blishing special State and collective farms for stock-raising. , In the latter 
connexion it may be noted that in 1931 the numbers of live-stook on State farms 
are to be raised to 2,800,000 cattle, 4,400,000 sheep and 1,900,000 pigs, and those 
on collective farms to 4,090,000 cows, 9,000,000 sheep and 5,000,000 pigs (inclusive 
of 1,300,000 fameding sows). 











AORICULTUBB IN RUSSIA 


563 


Apart from the effect of any measures that may be taken to rehabilitate the 
live-stock industry, it will be clear from the earlier paragraphs that strenuous 
efforts have been and are being made to increase the cultivated area, particularly 
in regard to wheat growing. Moreover, the possibilities of extension appear to be 
considerable, partly through the breaking up of fresh land and partly by a moder¬ 
nization of the rotation^ Probably of equal importance are the measures that are 
being taken to stimulate productivity by the increased use of machinery and fer¬ 
tilizers, and by the dissemination of propaganda. While variations in the yield 
per acre are marked, it is impossible to resist the conclusion that under normal 
climatic conditions large increases in output must be expected if the present 
programme is carried through. At the same time, in so far as exports are concern¬ 
ed it is necessary to remember that Russia has a rapidly increasing population— 
it rose from 132 millions in 1922 to 154 millions in 1929 and 158 millions in 1930— 
and that the consumption per head of the bread-making cereals, wheat and rye, 
is computed to be still somewhat below the pre-war level. 



STOCK-LICKS IN DRY SEASONS. 


BY 

B. 0. ASTON, 

Chief Chemist, Department of Agriculture, New Zealand. 

(Reprinted from the New Zealand Journal of Agriculture, Yol. 42, No. 5, 20th 

May, 1931.) 

The aphorism “ the soil is the child of the climate ” has not reoeived that 
general recognition in New Zealand whioh the truth warrants. It is more especially 
in the South Island that the influence of climates on the same soil-formers results in 
different types of farming developing in areas having different rainfalls, the soils 
being derived from rocks of the same composition originally. In the North Island 
droughty seasons occur in the Wairarapa and Hawke’s Bay areas, and occasionally 
in Taranaki, but there is not the same constancy in climate that there is in the South 
Island. 

A study of the local meteorology may reveal a reason for low returns from 
stock when other conditions of environment do not offer an explanation. It is 
from the soil that the pasture obtains those mineral foods so essential to both plant 
and animal. One of the most important constituents of the soil is water, which 
acts as a carrier of minerals from the soil to the plant. Pasture plants take up 
under favourable conditions much more mineral food than they require for healthy 
growth. This fact is utilized in farming to make the pasture convey mofb mineral 
food from the soil to the animal in a palatable form by top-dressing the pasture 
with mineral fertilizers. At the same time the pasture is made by this meanB more 
attractive and nutritious, and the production of pasture and therefore the carrying- 
capacity per acre is much increased. 

Top-dressing mixtures do not, as at present used, intentionally include some 
mineral foods essential to the animal, because these do not increase production of 
pasture. It is customary to give such minerals to the animal direct as a stock-lick. 
Examples of these mineral foods benefiting the animal but not the plant are 
sodium and chlorine given as common salt (sodium chloride) ; iron—highly 
neoessary in some sandy and perhaps peaty districts—given as citrate, carbonate, or 
hydrated oxide mixed with the salt; and iodine given in minute doses with the salt 
as potassium iodide. Special crops such as mangels, asparagus, and some others 
benefit by applications of salt as a manure, while potatoes and some other crops may 
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have iron sulphate and profit by it; but pasture is not in general practice dressed 
with salt or iron, although both may at times be applied as impurities in the 
fertilizer used—salt in kainit or potash manures, and iron in basic slag. 

A somewhat sharp distinction may therefore be made in considering mineral 
foods between those which 'do increase production of pasture or carrying-capacity, 
and those which do not but are of primary value to the animal. Thus phosphates 
of calcium, which are the chief fertilizers used for New Zealand soils, are highly 
effective in increasing production and quality of pasture; and as these phosphates 
are an important animal requirement, it has become the fixed practice to give such 
phosphates through the grass to the animal, so initiating a beneficent cycle of 
improvement' on the farm which finds immediate response in the well-being of 
pasture and animal. Should, however, droughty soil conditions occur as the result 
of an abnormally dry Beason (or it may be even the normal drought of summer is 
responsible but not recognized as an adverse factor) the pasture is unable to assimi¬ 
late an excess of phosphate from the soil required by the animal, which suffers 
from mineral hunger, resulting in diminished production. If the starvation be 
prolonged or unusually severe in the case of phosphate-starvation, symptoms of 
malnutrition develop, the animal shows a craving for bones, etc., and ultimately 
becomes lame. It is then that remedies are first sought by the farmer, and the 
quickest relief is afforded hy drenching the animal with some soluble phosphate, 
preferably (as originally demonstrated by Dr. C. J. Reakes) with syrup of phos¬ 
phate of iron. 

A striking instance of the close dependence of the nutritive value of pasture on 
rainfall was given in the last number of this Journal. In the Wairarapa, largely an 
inland district surrounded by mountains, meteorological conditions vary considerably 
from year to year, so that in throe consecutive summers the phosphoric acid content 
of the pasture varied correspondingly with the changing amount of rainfall. As the 
nitrogen and therefore the protein content varies roughly with the phosphoric acid 
content, it will be Been that the nutritive value of a given weight of summer pasture 
is largely dependent on the rainfall. The lesson to be learnt from this truth is 
that a soil which in wet summers produces pasture with a fair amount of phos- 
phorio acid may in dry summers provide insufficient to keep the production up to 
normal, and the nutritive value of the pasture may fall to a figure for protein one- 
half of that provided in a wet summer. 

The remedy for mineral deficiency is simple enough, and there is a long series 
of experiments in drought-stricken lands to point the way. When the animal is 
unable to obtain sufficient phosphate from the pasture the obvious treatment is to 
give phosphates as a lick mixed with Balt direct to the animal. There iB evidence 
to show that of all phosphates bonedust is that from which the elements are m ost 
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readily absorbed by the animal. Any excess not utilized passes through the diges¬ 
tive system and is voided on the pasture, so that nothing is wasted. A9 an insur¬ 
ance, therefore, against lowered production due to phosphate hunger in droughty 
or abnormal seasons, or phosphate deficiency in the diet due to any other cause, the 
use of bonedust mixed with an equal weight of salt is recommended. Bonedust 
supplies both lime and phosphoric acid. In the event, therefore, of calcium 
being deficient in the food supply, bonedust may also supply this deficiency. If the 
animal gets low enough in condition, however, medicinal drenching is the appropriate 
remedy, as above stated. 

Recent developments in bush-sick districts have shown the very great value of 
animal licks to supply iron deficient in the pasture direct to sheep and cattle. 
Iodine has been successfully used in lick form in the iodine-deficient districts of Lake 
Wanaka. Salt is universally recognized as a necessity for farm stock wherever the 
best results are desired. The extension of the salt-lick method to include phosphate 
is a logical development, and one which will overcome phosphate hunger caused by 
seasonal or abnormal droughts, which occurs in spite of top-dressing the pasture. 
The writer looks to the stock-lick to effect a great step forward in the pastoral 
development of this Dominion, and this method of improvement is all the more 
attractive owing to the comparatively low expense entailed. 



INTERNATIONAL WHEAT CONFERENCE, ROME. 

(Reprinted from the Journal of the Ministry of Agriculture, Volume XXXVIII, 

' No. 3, June 1931.) 

The Preparatory Conference of the Second World Wheat Conference was held 
at Rome on March 26 last and subsequent days. Delegates attended on behalf of 
forty-six countries, including all the important wheat-producing countries, with the 
exception of the United States. The latter country was, however, represented by 
two unofficial experts invited by the International Institute of Agriculture. 

The Delegation of the United Kingdom was constituted as follows : H. M. 
Ambassador at Rome, His Excellency the Rt. Hon. Sir Ronald Graham, G. C. M. G., 
G. C. V. 0., C.B., Head of the Delegation, Sir A. Daniel Hall, K.C.B., LL.D., 
F.R.S., Chief Scientific Adviser to the Ministry of Agriculture and Fisheries, and Mr. 
C. Nathan, Principal in charge of the Ministry’s Statistical Branch. In addition, 
Mr. Alexander Slater. President of the Liverpool Com Trade Association, was present 
as an expert on the invitation of the International Institute, while Sir Herbert 
Robson. K.B.E., also attended as a representative of the London Corn Trade 
Association. 

The proceedings were opened by His Excellency Signor Mussolini, and Bhort 
formal addresses were then delivered by the principal delegates of Argentina, 
France, the United Kingdom, Hungary and Roumania, and by the representative 
of the League of Nations. After the appointment of His Excellency M. de Michelis, 
the President of the International Institute of Agriculture, as President of the 
Conference, a general discussion, lasting several days, of the problems before the 
Conference took place. Daring the discussion, in the course of which a consider¬ 
able number of delegates expounded the views of their respective countries, it soon 
became clear :— * 

(a) that the claims of the exporting countries of Eastern and Central 

Europe for preferential treatment for their wheat would be unaccept¬ 
able to the overseas exporting countries, and to a number of free trade 
importing countries of Western Europe ; 

(b) that there was no hope of any general compulsory reduction of the wheat 

area ; 

(c) that there was general agreement that a somewhat higher price for wheat 

would be of advantage not only to exporting countries but also, in the 
long run, to importing countries. 

( 567 ) 
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In the oourse of the disoussfoas Sir Denial Hall spoke on behalf of the United 
Kingdom Delegation, and stated that Hi) Majesty’s Government viewed with grave 
concern the continued fall in the price of wheat which had oreated so grave a 
situation not only for so many farmers in Great Britain, but also for fanners in the 
Dominions as well as those of Eastern Europe. On the other hand, the speaker 
pointed out, with regard to any system of preferential agreements between these 
eastern exporting countries and countries of Western Europe, H. M. Government 
must reserve its opinion, especially if any interference with the most-favoured 
nation clauses is proposed. In continuation, Sir Daniel Hall said that while there 
had unquestionably been an abnormal surplus production of wheat in 1928, it was 
doubtful whether the average production was in excess of requirements. On the 
average of recent years, production has only kept pace with the growth of popula¬ 
tion, and the recent break in wheat prices was to a large extent part of the general 
economic depression. Any artificial restriction of production might therefore result 
in a dangerous scarcity should crop failures occur simultaneously in more than one 
exporting country. The remedy for the present crisis was an improvement in the 
general eoonomic situation with a consequent increase of wheat consumption, the 
removal of the various barriers to wheat importation existing in many importing 
countries, and tie stimulation of the demand for wheat in the Orient. 

On the conclusion of the general discussions the Conference resolved into tho 
following three Committees:— 

(a) Production and Trade. 

(h) International Agricultural Credit. 

(c) Preferential Tariffs. 

When the work of the three Committees was completed, a draft Final Xct was 
prepared for submission to the Plenary Conference. The resolutions embodied in 
the draft Final Act were approved by the Conference after slight amendment, and 
the text of the resolutions in their final form is appended 

L—International Organization of Wheat Production and of die Wheat Trade. 

(1) The International Preparatory Conferenoo of the Second Wheat Conference recommends 
examination of the possibility, in countries where wheat is already oonsumed, of considering the 
means of developing such consumption. It also recommends a strong publicity campaign in 
order to popularize the consumption of wheat in countries where it is not at present largely 
used. It is of opinion that in order to give full effect to this publicity, it would' be deniable 
to sell off, at low prioes in suoh countries, part of the stooks whioh overburden the world 
market 

(2) It reoognizes .that the European countries, for manifold reasons, eoonomic, sooial or 
political, am unable either to give up the cultivation of wheat or to allow it to be neglected. 
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(3) It recognizes that it is impossible to secure a general reduction in the areas sown 
throughout the world by the direct method of obligatory restriction, whether advocated by an 
international body or by national bodies. 

It is oonvinoed that the reduction of sowings can only be obtained by natural methods, by 
the farmers themselves, influenced by the conditions of the market and a study of the figures 
and of the facts. 

It recommends that in countries which consider it advisable this influence should be rein¬ 
forced by an educational propaganda among the producers. 

(4) The Conference considers that, in order to seoure the solution of the wheat orisis, it is 
particularly necessary that there should be an improved organization of the wheat market. 
Such organization should be brought about rather by a gradual and progressive policy, based 
step by step on the results obtained, than by any policy that claims to cover every aspect of the 
problem. 

In order to reach a rapid solution, it reoommends the countries interested to concentrate 
their efforts for the present on some particular definite and limited object, such as the disposal 
or the organization of the carry-over of existing stocks. 

(5) The Conference is glad to note that the wheat exporting oountrios, Overseas and 
European, have decided to draw up together a scheme to deal with the wheat export season 
1931-32 and with existing stocks, and that they will meet for this purpose, under the presidency 
of the Hon. George Howard Ferguson, High Commissioner of Canada, in London, on May 18. 

(6) At the same time the Conference reoommends the different buyers in those importing 
countries where the need should make itself felt to endeavour to form organizations for the 
purchase of imported wheats. Such organizations may take any form whatever which may be 
suitable in view of the particular situation in each country. 

(7) The Conference considers that the International Institute of Agriculture and the 
Economic Oiganization of the League of Nations should follow closely the offorts to be made 
by the various countries in the sphere of wheat production and trade, in order to bo in a 
position to take in full agreement such steps as current experience may suggest. 

(8) It considers that the improvement of the organization of world wheat production and 

trade largely depends on an improvement in the provision of information and of statistical 
foreoasts. ^ 

It expresses its confidence in the International Instituto of Agrioulture as a means for co¬ 
ordinating the statistical data of the various countries in this respect, for checking and inter¬ 
preting the figures, for supplementing the documentation from official sources by such profes¬ 
sional or commercial documentation as may throw light on the problem, for facilitating the 
utilization of statistical information and for making it available without delay to the 
interested parties. 

The Conference recommends all the States to increase the financial resources available 
for the International Institute of Agriculture, in order to enable the Institute to carry out 
this work to best advantage. 

IL—International Agricultural Credit. 

(1) The Preparatory Conference of the Second World Wheat Conference has examined 
with special attention the part whioh a systematic organisation of agricultural credit can play 
in improving the general situation of agrioulture and. iu particular, in overcoming the 
crisis. 
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It k of opinion that it is more than ever necessary to be able to obtain for farmers, and 
in particular for wheat growers, at low rates of interest, the capital of which they have need, 
and that, with that object, it is desirable to examine from an international point of view, 
the question of agricultural credit, whioh differs from commercial credit in the forms imposed 
upon it by the special conditions of agricultural production. 

(2) With regard to medium-term and long-term credit, which serves principally to enable 
farmers to purchase equipment and stock, to acquire or to enlarge a holding, to oairy out 
land improvement and to effect transformations in s, stems of cultivation, in order to restrict, 
When desirable and possible, the area sown to cereals and to develop the cultivation of crops 
which can advantageously replace them, the Conference is pleased to learn that the Financial 
Committee of the League of Nations, taking account of the studies made by the International 
Institute of Agriculture, is at present contemplating the formation of an international 
mortgage credit institution. 

It expresses the wish that this organisation should as quickly as possible be in a position 
to supply, at the most favourable rates, medium-term and long-term credit 4o the farmers 
of all countries. 

The Conference is of opinion that medium-term and long-term credit are .as useful to 
corporate bodies as to individuals and that it should also serve to facilitate the construction 
of elevators, of silos and of cc-operative warehouses, and the organization of co-operative 
societies for the marketing of grain and of other agricultural products. 

The Conference points out that medium-term credit can also be useful to farmers 
who are not the owners of their farms as, in default of mortgages, they can give other effective 
security, such as agricultural warrants, liens on crops, sureties, or joint and several guarantees. 

(3) The Conference notes that in the present crisis, short-term agricultural ere lit is of 
particular importance and that it should be encouraged as much as possible by the Governments 
of the different countries. 

This form of credit, in fact, can enable fanners and particularly grain growers to avoid 
hasty Bales immediately after the harvest which lower and disturb the course of prices, to the 
detriment of the producer and without benefit to the consumer. By facilitating the 
substitution of other crops for wheat, and systematic and orderly marketing by "individual 
fanners as well as by co-operative societies, short-term agricultural credit can contribute to a 
rationalization of production, to a greater stabilization of prices, and to a better organization 
of exports and of markets. 

In this regard, the Conference is of opinion that the transfer of capital may advantageously 
take place between countries where it is plentiful and cheap and those where it is scarce 
and costly, and that it is necessary to study the means of facilitating such transfer of capital 
on an international scale in order to develop short-term agricultural credit in all countries. 

(4) The Conference again expresses the opinion that it is desirable to provide exporters 
with the credit necessary for speeding up the clearance of stocks and that in particular 
transport agencies, bonded and general warehouses and shipping companies might with 
advantage intervene here by utilizing the credit whioh such bodies have already at command. 

Thus as proposed by the Committee established by the Commission for the study of the 
question of European Lnion, it might become possible to consider for the purpose of 
discounting bills a fuller utilization of those markets on which the rate of interest la low, 
the issue of warrants on merchantable products, and the possible introduction of the system 
of a negotiable way-bill 
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(5) The Conference requests the International Institute of Agriculture to oontinue its 
studies relating to agricultural oredit, and to endeavour to draw up a general scheme for the 
organization of short-term agricultural credit. 

III. Preferewtial Tariff Svbtem. 

The Conference has noted that the discussion on the preferential tariff system, which 
took place in the Commission appointed to consider this question, was based on an appendix 
to the report of a Commission of the Seoond Conference in favour of a oonoerted economic 
policy, Which met at Geneva in November, 1930. The discussion has been carried as far as 
is at present possible in the field of multilateral conversations. 

The principal difficulty encountered by the Commission lay in the fact that the delegates 
of several important wheat exporting countrios declared that they did not possess the materials 
neoossary to enable thorn to estimate the possible loss which they might suffer as a result 
of the preferential system, nor the possible advantages that they might be able to derive 
therefrom. 

Hence, if the interested countries, who are prepared to make trade agreements on a 
preferential basis, desire to oontinue the discussion, it will be necessary for them to have 
reoourse to diplomatic ohannels. 

The Commission also ascertained that all exporting countries have the same interest, 
in so far as they all desire to see the European morkot strengthened, so that they may obtain 
remunerative prioes for their cereals. 

Tho above resolutions were approved unanimously by the conference except 
that the Russian delegation reserved its approval in the case of Resolutions 1 and 7 
of Part I and voted against Parts II and III. 

Probably the most important result of the Conference was the decision taken 
by the representatives of exporting countries, both European and overseas, to meet 
in London last month under the chairmanship of the High Commissioner for 
Canada, to attempt to formulate an agreed plan for the liquidation of existing 
stocks and of any surpluses from the crops to be harvested in 1931-32: It will 
also be noted that there was general agreement as to the impossibility of achieving 
compulsory restriction of area, and as to the need of propaganda for increasing 
consumption, although in regard to the latter question the representatives of 
Germany, France and Italy stated that for reasons of internal policy their countries 
could modify neither their tariffs nor their requirements, as to the minimum 
proportion of native wheat milled. No resolution was passed concerning the 
proposal of the exporting countries of Eastern and Central Europe that their 
wheat should be granted preference by European importing countries, it being 
agreed that this proposal must be dealt with through diplomatic ohannels. 
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effect of cleaning on hatching-quality of eggs. 

BT 

H. A. KITTO, 

Overseer, WaUaceville Poultry Station, New Zealand. 

(Reprinted from the New Zealand Journal of Agriculture, Vol. 42, No. 4, 20th 

April, 1931.) 

The question as to whether the oloaning of soiled or dirty eggs with a damp 
doth injures their hatching-qualities is a debatable one among poultry-keepers. 
In an endeavour to throw some light on this matter an experiment was recently 
oonducted at the Wallace ville Poultry Station with two lots of eggs, the first 
cleaned by means of a damp cloth, and the others left in the condition as taken from 
the nest, excepting that any thick dirt adhering was scraped off with a knife. 

Two hundred and eighty-eight cleaned eggs were placed on two incubator 
trays, while a similar number not cleaned were plaoed on two other trays. These 
trays were placed in an incubator, the cleaned and uncleaned lots alternating. 
Two tested thermometers were used, one on the oleaned eggs and the other on the 
uncleaned. The incubator was managed in all respects according to the usual 
practice of this Station. None of the eggs were more than four days old when set. 

The eggs were turned twice daily after the third day, and at each turning the 
position of the trays in the incubator was changed. The eggs were tested on the 
seventh day of incubation, when seventy-eight of the cleaned eggs and forty- 
three of the unoleaned were removed from the incubator. Of the cleaned lot 
forty-three contained dead germs and thirty-five proved infertile, while of the 
unoleaned, fifteen contained dead germs and twenty-eight were infertile. When 
testing some of the eggs during the various stages of the incubation process the 
germ in the unoleaned eggs generally appeared to be stronger than those contained 
in the cleaned lot. 

During the first week both thermometers registered an even degree of tempera¬ 
ture—namely, 102° F.—but from then onward to the pipping stage it was observed 
that the temperatures registered varied slightly. The thermometer on the oleaned 
eggs Bhowed lower reading of about half a degree and this quite irrespective of the 
position of the trays in the incubator. 

The second test was made on the fourteenth day, when twelve of the cleaned 
and five of Hie unoleaned eggs were found to oontain dead germs and were removed 
from the incubator. 
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la most cases the air-oeil in the nnoleaned eggs dried down to a mote desirable 
line than was the case in the cleaned eggs, while the ohicks contained in the latter 
took from ten to twelve hours longer to hatch out. The uncleaned eggs com¬ 
menced to pip on the twentieth day, while the cleaned ones showed no signs of 
pipping until well into the twenty-first day. The incubator was opened on the 
twenty-third day, when it was disclosed that 106 of the cleaned eggs had failed to 
hatch, as against sixty-two of the uncleaned. Eight deformed chicks were pro¬ 
duced from the cleaned eggs, but none from those uncleaned. 

This one experiment does not warrant the expression of a definite opinion 
regarding the particular way or ways in which cleaning of the eggs with a damp 
cloth had the undesirable effect on their hatching qualities ; this also applies to 
the failure of the air-cell in the oleaned eggs to dry down to the desired line. The 
experiment, however, clearly indicates that better results can be secured from un¬ 
cleaned eggs when subjected to artificial incubation than from eggs cleaned by 
means of a damp cloth. It is intended to repeat the experiment in due course. 


3 c 2 



THE IMPORTANCE OF THE EGG IN INCUBATION. 

BY 

E. J. DAVEY, 

Poultry Research Department, Newton, Chambers and Co., Ltd., Sheffield, 

England. 

(Reprinted from the Cyprus Agricultural Journal, Vol. XXVI, Part I, March 

1931.) 

Good results in incubation will not be secured unless the egg answers all re¬ 
quirements as to freshness, strength of fertilization, physical texturo and condition. 

Contrary to what is usually supposed—it is not necessary for the egg to be 
absolutely fresh in order to obtain good hatching results. But what is essential is 
that the eggs in any clutch should be as near to the same age as is possible. A 
certain reasonableness has to be observed. The eggs should be as fresh as possible, 
but good results can be obtained from eggs up to a fortnight old, providing that 
they are of approximately the same age, and have been properly stored and turned. 
Obviously, the fresher the egg the better, but the point is that eggs need not be 
refused for incubation if the first period of freshness is passed. ’Provided that they 
have been properly stored and can be incubated with eggs of similar age, good 
results will be obtained up to the period stated. 

It might be of interest to glance at the underlying reasons for this. It is a 
mistake to assume that the egg consists of so much dead and inert material. The 
egg, i.e., the fertilized egg, is actually alive. What really happens is that fertili¬ 
zation takes place when the ripe yolk drops from the ovary of the hen. Prom that 
point the life of the new chick starts. During the thirteen hours whikt it is 
retained in the mother bird’s body and while the various layers of white and nh ell 
are being added, considerable development takes place in the germ. For instance, 
it will be settled whether a little pullet or a little cockerel will hatch from the egg, 
there will have been a considerable amount of cell division, and when the egg is 
laid, all that happens is thatt he growth of that little life is suspended. It is 
resumed again when the egg is brought under conditions comparable with those of 
the mother bird’s body, so that when eggs are put into an incubator, incubation 
does not start—it is just resumed. 

It follows, then, that the fresher the egg, the quicker will be the resumption of 
incubation, If an egg could be placed straight from the mother bird into the 
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incubator, it world hitoh in about twenty days. On the other hand, if a week 
elapsed it would take at least twenty-four hours for the egg to warm up properly, 
and the full twenty-one days would be required for incubation. This period would 
be slightly extended as the age of the egg increased. This is the reason why hens 
who Bteal their nosti so often bring back good hatches. It is not, as is commonly 
supposed, owing to the action of the humidity of the earth, it is owing to the fact 
that each day or couple of days the hen returns to her nest to lay another egg, and 
in doing that warms all the eggs which are there, keeping the clutch in good 
hatching condition. 

Bad hatches can often be attributed to the fact that this element of freshness 
has been forgotten. Eggs of varying ages are put into the machine with the result 
that the fresher eggs batch first and in hatching, upset the temperature and 
humidity of the machine, with detrimental effects on those eggs which are still to 
hatch. 

On the question of fertilization it is generally agreed amongst the practical 
poultiy-men, that the influence of the male bird is all important. Weakly ferti¬ 
lized eggs can nearly always be attributed to the male. But the reasons for this 
are not always clearly understood. Underfeeding of the cook bird is one of the most 
important reasons for this. It can be taken as certain that the better the bird, the 
more liable he is to neglect himself in favour of the hens at feeding time. Whilst 
individual feeding of the male is not always practicable it is desirable to watch this 
point and to give supplementary feeding to those birds heading breeding pens, 
which are losing condition. 

Equally important is the influence of body parasites on the males. These, by 
irritation, cause a drop in vitality, which results in poorly fertilized eggs,-and on 
some of the biggest poultry farms in England, it is a routine matter to inspect 
all the maleB for body parasites during the breeding season. Every breeding pen 
should be supplied with a dust bath in order that this particular trouble can be 
prevented. Where a natural dust bath is not available, a good substitute can be 
made by miring nine pounds of fine dry sawdust or fine sand, with one pound of 
Izal powder. 

Other reasons for low fertility will be found in the too fat condition of the birds, 
red mites, fleas, unsuitable diet and close confinement. But the two causes which 
have been elaborated probably account for the biggest part of the trouble in this 
respect. 

Strong fertilization is obviously of no use if the contents and texture of the egg 
are not what they should be. Here again considerable misapprehension exists as to 
what is really required. In “ Nature’s ” scheme of things, there is no such thing as 
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the edible egg. It is only as a potential chick that the egg has any value. Conse¬ 
quently it is nature’s task to see that the egg is stored with sufficient food material to 
last the chick during development, and until it can fend for itself. All this food 
material is stored in the egg from the blood stream of the mother hen, and onoe 
the egg is laid no further addition can be made to it. 

The actual analysis of the egg is, therefore, of very little use to us. From one 
point of view the percentage of water, etc., is no doubt important and interesting. 
But from the point of view of incubation we are much mure interested in the egg’s 
content from the point of view of the developing germ. What food it requires 
must be there for it is cut off completely from the mother’s body. Broadly speak¬ 
ing, our main interest centres in the fat and mineral content of the egg, and it is 
these elements which are most often deficient in eggs for incubation and the short¬ 
age arises not so much from unsuitable diet fed to the mother hen before she lays 
the egg as from faulty matabolism. It iB a well-known fact, however, that the hen 
will draw on her own body supplies almost to a point of exhaustion before any 
deficiency is noticed in the egg itself. 

The question of body condition and food assimilation, however, is not so simple 
as it looks. If the fat and mineral contents of the egg are primarily important then 
we need to see that the fat and mineral assimilation of the hen is working at full 
efficiency. It is not enough to feod the hen with minerals and fat-lorming sub¬ 
stances. We must ensure correct assimilation. This is particularly true of the 
most important item of all, viz., lime. In the absence of succulent green food, lime 
assimilation is nearly always below what it should be, and if healthy, vigorous 
chicks are required, the breeding stock muBt have all the succulent green food they 
will eat. In this connection it must be remembered that dry green food is not a 
good substitute. Green food intended for breeding stock must be succulent and 
contain within itself the natural moisture of the vegetable tissue. 

The part that the egg plays in the spread of infantile disease, always arouses a 
good deal of interest and curiosity. But it iB to be feared tliat most of the infor¬ 
mation published is ill-ad vised. 

Broadly speaking, with the one exception of the dreaded B. W. D., it is very 
questionable whether any disease can be spread through the egg, although there is 
slight evidence that cocoidiosis is sometimes transmitted in this way. With B. W. 

D., however, the case is very different, and it is generally through infected eggs that 
this disease comes. Therefore, the only sensible precaution is a thorough blood test¬ 
ing of all the stock birds in stook at proper intervals, and a thorough disinfection 
of all incubators, brooders, etc., between each hatch, and the destruction of all 
infected material. 
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Disease can be much more easily spread to the chick through the organisms on the 
surface of the shell, and when we remember that the vagina and the end of the bowel 
both open into the same passage just inside the vent, we shall see how easy it is for 
the shell of an egg to become contaminated with the organisms of disease. 

Therefore, as for as hatching eggs are concerned, where any possibility of disease 
exists, each egg should be wiped over with a damp cloth, dip} ed in a solution oi 
one tablespoonful of Izal to a quart of water. This will remove and destroy an} 
disease organisms that may be on the surface of the shell and this combined with 
a thorough spraying of the incubator between each hatch will remove all possibility 
of disease from this particular source. 



Abstracts 


ftice breeding in the Central Provinces. Mahta, D. N. abb Dave, B. B. {fad- 

J. Agric. Science 1, 351). 

Rice is an important crop of the Central Provinces but as grown at present, it consists, 
generally speaking of a mixture of strains of di^orent cropping power and quality. 

The work of improvement has been largely concerned with the isolation of selected 
varieties and their improvement by raising high-yielding strains from single-plant selections and 
the raising of new useful strains by hybiidisation. A number of useful \ arietics have been 
isolated and single-plant selection work in those has given such useful strains as Bhata-gur- 
matia 4, E. B. 17, Bhondu 10, Parewa 22, Gurmatia 17, Luchai 4, Chinoor 21 and Dilbuksha 35, 
all of which show better performance in the field. 

It has been possible to devise a system of classification—'base 1 upon grain and leaf-sheath 
characters—wherein all the rice varieties can be placed, thus rendering easy further breeding 
work on this crop. 

The chief success in the hybridisation work lies in the fixing of hybrids B. x P. No. 22 ; 
B. and P. No. 12 and B. xS« No. 24 possessing tho characteristic of being readily distinguished 
from tho wild rices which infest the rice fields of the cultivators, while at the same time com¬ 
paring favourably in yield with some of the best varieties. 

A brief history and yield tests by the Latin »S {uaro method of these two crosses have been 
given and a statistical treatment of the subject has been added as an appendix. [D. N. M.] 


Some observations on bamboos. K. L. Khanna. (Ind. /. Agric* 

Science 1, 474.) 

Flowering in bamboos is raie and occurs only at intervals of many years. A few clumps 
at different places in Pusa flowerod in 1930 and observations have been recorded in this paper 
on their flowering; the nature of their seed; mode of underground branching and the type of 
root system at different stages of tho plant’s growth. The value of the rhizome as a reserve 
of plant food and as giving a gregarious plant like bamboo a stronghold in the soil, is also 
discussed. [K. L. K.]. 

A cytological study of Capsicum annuum. P. D. Dixit. (Ind. J. Agric . 

Science 1, 419.) 

1. The diploid number of chromosomes in Capsicum annuum is 24. 

2. The nucleolus during the prophases of mitosis gradually increases in size. It gives only 
a slight reaction for chromatin when the Linin network becomes prominent and takes up a 
dark stain. 
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8. The nucleolus is intimately oonoemed in the formation of chromosomes, it puts forth a 
protuberanoe which joins the spireme and through this protuberance the chromatic 
material stored in the nuoleolus is possibly transferred to the chromosomes. 

4. The nuclear membrane appears to be formed from the periphery of the outer chromo¬ 
somes and is used up when they are being formed. 

0. The cell plate is continually extended at its fro© margins by me ms of the Kinoplasmio 
ring nntil it finally outs completely across the cell 

6. A modification of Haematoxylin-balsam-smear mothod os used for the study of chromo¬ 
some numbers in pollen grains is described in detail in the text. 

7. The haploid number of chromosomes is twelve a > report© 1 by Husking and Labour and 
not six as mentioned by Kosfcoff. 

8. Simultaneous and successive divisions take place in the different microspore mother cell 
giving rise to tetrahedral arrangements of microspores in some and bilateral in others, although 
the former is more common. [P. D. D.] 

Studies in Indian tobaccos, No. 6. The improvement of Indian cigarette 
tobacco by hybridization. Kashi Bam. (Ind. /. Agrk. Science 1, 455.) 

The tobacco crop sown as early as 15th July in Bihar grows well but it is susceptible to 
“leaf spot* and “ Curly disease ”, whereas a crop sown later than the first week of August 
does not suffer so heavily from theso diseases but gives a somewhat smaller yield of leaf. 
These differences are more pronounced whon the tobacco is an imported exotic variety such as 
Adcock. The indigenous types of Indian tobaeoo are hardy and heavy yieidera but none 
are good in quality for cigarette manufacture. 

In order to produce a variety of tobacco which while retaining the hardy growing charac¬ 
ters of an indegenous type, may also be better in quality fiom the point of view of cigarette 
manufacture, the local Type 28 was crossed with Adcock. 

In general vigour the F* plants were intermediate between the two parents and neither 
was completely dominant over the other. ^ 

In F, the range of variation was greatly extended and the co-efficient of variation was 
more than twice that of either parent. The F, generation was of great complexity, the 
true parental types did not reappear in F 2 and new characters not present in either parent 
appeared. The appearance in F, of a variety with large absolutely white flowers was very 
interesting as the flower oolour of both the parents used in the cross was pink. 

The ten newly produced hybrids have been obtained in a homozygous condition and are 
now breeding true. These hybrids are now being tested for their leaf quality both by ground 
curing and flue-curing methods. The preliminary test with one hybrid 8 (177) has given 
encouraging results. [K. B.] 

A study of causes contributing to die large variations in yields from year to 
year of 4 F cotton in the Punjab. Trevob Thought. (Ini. J. Agrk. Science 1, 
310.) 

The extent to which ‘ bad boll opening ’ is present throughout the area determines the 
extent to whioh a year is a ‘ failure ’ year, or a 4 good ’ year; and is also summ ed to be the 
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reason of yield variations. The symptoms of the * failures ’ are described. The part diseases 
or inseot pests may play in the incidence of these yield variations is considered to be secon¬ 
dary. 

The effect of climatic and physiological factors are described and the importance of root 
development is emphasised. 

The deduction is drawn that in failure years the overlapping effect of a series of adverse 
factors operating at comparatively short intervals of time, do not permit of the recovery of 
the plant before it matures its crop, and results in the failure of the plant to produce properly 
developed lint and seed. The plant is most bus eptible in its early stages, at whioh time 
adverse factors are at their maximum. The factors react on root development reducing it 
from its optimum. 

The adoption of good agricultural practice will assist in mitigating the effect of these 
advene factors, but a complete solution can probably only be obtained by the disoovery of a 
type of plant still more resistant to the severe climatic conditions whioh prevail [T. T.] 

Animal outbreaks of rusts on wheat and barley in the plains of India.* K. 0. 

Mehta. (Ini. J. Agric. Science 1, 297.) 

Wheat in Inbia suffers from all the three rusts (Vem. ratua or ghervi) known on that host. 
The yellow and black rusts are also found on barley. 

On the plains of India there is very little of the viable material of rusts available at 
the time of the harvest (March-April). It is almost impossible, on account of the intensely 
hot weather whioh follows the harvest, that rusts should oversummer on the plains of India. 
Consequently there is no local souroe of infection, as far as the plains are oonoemod, at the 
time when the crops are sown (Ootober-November). 

It is natural therefore that normally for 2-3 months each year after the sowing, the crops on 
the plains should keep rust-free. 

After seven years’ study ot the problem the writer feels convinced that the foci •‘of infec¬ 
tion in the ca*e of all the rusts under report lie in the hills. 

On account of a comparatively cool summer, rusts survive in the urodo-stage on self-sown 
plants and tillers in the hills year after year. 

Outbreaks of yellow rust have been found to occur ou crops as early as January at Mukte- 
sar (nearly 7,600 ft above sea-level) and this rust probably spreads to the plains by wind-blown 
uredospores from localities similarly situated. 

With regard to brown and black rusts it seems probable that they disseminate to the 
plains from lower altitudes. [K, C. M.] 

The cereal-rust problem in India. K. C. Mehta. (Ini. J. Agric. Science 1, 302.) 

In India there are on an average 30,600,000 acres under wheat and 7,000,000 acres under 
barley each year. The damage done by rusts of wheat alone amounts to Ka. 40,000,000 or so 
annually. 


• Abftract of ipftter read by invitation at the Mycology and Plant PatUology Section of the Fifth International 
Botanical Congreaa BOfld at Cambridge in August 1810. 
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Data obtained so far dearly indioate that in this country rusts are perpetuated from 
season to season largely by their uredoeporee whioh oversuinmer in the hills. 

Outbreaks of yellow rust as early as December-January at higher altitudes suggest the 
probability of its dissemination to the plains by wind-blown uredospores. 

In the case of brown and black rusts, the source of infection seems to spread from lower 
altitude, where both these rusts can survive during winter. 

Consequently, the cultivation of only resistant varieties in the hills should check outbreaks 
of rust epidemics at those localities and tho damage to ciops on the plains should thereby be 
reduced considerably. 

In order to breed varieties suitable for cultivation a thorough knowledge of “ physiologic 
forms ” of rusts and their regional distribution is indispensable. 

Survey of rusts extended over a number of years with special reference to their alternate 
hosts, occurring in the hills, and also of localities in the different hilly tracts of the oountry, 
where rusts can oversummer, should lead to results of great value towards the adoption of 
measures of oontrol. [K. C. M.] 

A note on an apparatus for catching spores from die upper air.* 0. Ohattjbbjkk. 

( Ind . J. Agric. Science 1, 306.) 

A slide with a smeared glass slide is sent up with a balloon that automatically deflates 
itself and begins to come down after reaching a predetermined height. 

A cylindrical slide carrier whose ends can be simultaneously closed by two discs is sent up 
in a light bamboo cage with the onds of tho slide carrier uncovered and facing the vertical; 
thus the slide hold lengthwise at the oentre is exposed to the downward draught of air caused 
by the asoent of the balloon. The discs, under tho tension of a rubber band, fly back, cover 
the ends of the slide carrier and aro locked in position by a spring catch. When withdrawn and 
released. A thread passing through a lighted and timed slow-fuse withholds the discs from 
closing the ends till it is burnt shortly before the balloon begins its descent. 

In a label attached to the bamboo cage is announced a reward to the finder of the balloon 
and the instrument on their being delivered to a stated address. This enables the instruments 
or at least a fair number of them being retrieved. 

The height up to whioh the slide is exposd can be determined from oertain theodolite obser¬ 
vations taken during the flight. [G. C.] 

The influence of alkali salts on nitrification in some Indian soils. J. H. Walton. 

(Ind. J. Agric. Science 1* 481.) 

Vaiylng quantities of carbonate, ohloride and sulphate of sodium were added to several 
Indian soils from different localities, and their effects on the nitrification of ammonium sulphate 


• The “ spore trap ” de»< ribed ebove and published In the June (1S81) number of the Jnd. Jomm. Agric. Sc. was 
used for catching mat sporee from the upper air, in connection with the study of nut dfesemi nation which la being 
entiled oat by Professor X. 0. Mehta under the auipteee of the Imperial Connell of Agricultural Beeearoh. 
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and cake observed. Except in Pusa soil, 0*2 per oent. of sodium chloride or sulphate depressed 
nitrification. The results with sodium oarbonate depended on to the nature of the soil to which 
it was added. 


Possible losses of fertilising constituents in the manuring of paddy* J. Charlton. 

{Ini. J. Agric. Science 1, 372.) 

Manuring light paddy soils in heavy rainfall districts in Burma with ammonium phosphate 
manures, such as Leunaphos and Diammonphos, has failed to give results suoh as are obtained 
on the ordinary Delta soils with rainfall of 100"' p. a. or less. In a laboratory investiga¬ 
tion it was found that paddy soils absorbed phosphate from solutions almost completely but 
ammonia was not so completely absorbed, especially by the light soils from heavy rainfall 
districts. Manuring such soils with organic manures in amounts such as are ordinarily available 
had little or no effect towards reducing possible losses. The absorption of ammonia by the 
soil depends upon the actual replaceable bases present and their relative amounts as well as on 
their total amount and it appears that ammonia is more easily exchanged for monovalent 
(Na <fe K) than for divalent replaceable bases. Concurrently with the better retention of 
ammonia by increasing the amounts of monovalent bases (Na & K), the possibility of loss of 
phosphate increased. Means of keeping these possible losses to a minimum are suggested. 
[J. 0.] 


The colon bacteria occurring in the milk supply at Pusa. .T. H. Walton, (fad. J. 

Agric. Science 1, 221.) 

In the rainy season, from June to September, tho predominating type was Aercbacter, 
which gives a positive Voges Proskauer reaction. In the other months Escherischia forms, 
giving a negative Voges ProBkauer roaotion were the most numerous. 


Some digestibility trials on Indian feeding stuffs. Part VII* "Kangra rice 
Straw M . P. Lander and Pt. Lal Chand Dharmani. (Ind. J. Vet. Science and 
Animal Husbandry 1, 177.) 

This paper gives an account of the digestibility trials conducted at Lyalipur on rice straw, 
the Btaple cattle feed in Kangra Distriot (Punjab) with Heifers. 

This rice straw (1928 crop) was found deficient in protein which deficiency can he mado 
good by supplementing it with ooncentrates such as maize grain and toria cake and to some 
extent by green oats when fed with rioe straw in the ratio of 1: 3. One and a half pound 
to two pounds maize grain or about a pound of toria cake when added to rice straw fed ad 
Mb. would constitute a maintenance ration for a cow weighing about 600 lbs. (the average 
weight of a Kangra cow). The introduction of some leguminous crop in the valley has been 
suggested to supplement the fodders in general which is perhaps the easiest way to meet the 
protein deficiency at this stage of the economic development of the distriot when the dietary 
of the people themselves is poor and their oapacity to purchase concentrates for oattle almost 
nth 
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Better feeding should preoede the introduction of improved breeds in the valley. [P. B. L. 
*P*L.OJ 

Tfct existence of fowl typhoid in Indio* Hugh Cooper and R. N. Naik. (Ind. J. 

Vet. Science and Animal Husbandry 1, 99.) 

An outbreak of disease in a flook of poultry at Bhowali in the Kumaun hills was reported 
to this Institute in August 1930 when a dead fowl was forwarded for examination. Deaths 
took plaoe in this outbreak mainly among adult birds and as single cases ooourring over a 
period of about two months. From the clinical history reported the disease was at first sus¬ 
pected to be Fowl Cholera and the use of serum and vaccine against this disease was advised. 
Bacteriological examination, however, subsequently showed that the outbreak was due to 
Salmonella gaUinarum, Klein. 

It is believed that the disease Fowl Typhoid, due to this organism, has not before been 
reported in India, and a further point of interest lies in the fact that outbreaks of disease in 
fowls may be wrongly diagnosed and account for failures from the use of serum and vaccine 
prepared for use against Fowl Cholera. 

The disease was transmitted artificially at the laboratory to healthy fowls by the injection 
of culture and the course of the disease was then studied. 

Baoteriologically the organism isolated in this outbreak was indistinguishable from a 
“ type ” strain of B. gallinarum obtained from the Listor Institute, London. 

Since the existence of Fowl Typhoid in India has now been proved, it is a matter of con¬ 
siderable importance to take steps at once to study the extent and distribution of this disease 
in India. 

Ranikhet disease: A new disease of fowls in India due to a filter-pasting virus* 

Hugh Cooper. (Ind. J . Vet . Science and Animal Husbandry 1, 107.) 

This disease was first recognised in India in 1927. It is an acute, usually non-febrile, con¬ 
tagious and highly infeotive disease of fowls, caused by a filter-passing virus and characterised 
by respiratory distress, and high mortality. Reports have frequently been received of heavy 
mortality ooourring amongst the crow population of infected localities. The inoubatifen period 
in the artificially produced disease is ordinarily from 3 to 5 days, but may be as short as 2 days 
or delayed until the 6th or 7th, and exceptionally even the 14th day. The duration of recog¬ 
nisable illness in the artificially produced disease is usually extremely short, averaging only 1} 
days, but the period may extend to ten days. Ninety-five per cent, of Indian country-bred 
fowls used in transmission experiments proved to be susceptible to the virus and only ten per 
cent, of the affected animals survived. Except for the occurrence of petechiae in the sub- 
mucosa of the proventriculus, post-mortem lesions of diagnostic value are almost entirely 
absent. Emulsion of internal organs stored unpreserved in a refrigerator have been proved to 
retain their inf activity for periods extending to 169 days. Serum obtained from recovered fowls 
is protective against the disease, but serum produoed from donkeys proved to have no protec¬ 
tive value. A few attempts were made to prepare a vaccine suitable for employment against 
the disease, but they were unsuooessfuL The disease has been shown to be immundogically 
identical by orosa-immunity tests with both “ Newcastle disease ” in England and “ Avian 
pest” in the Philippine Islands. 



NOTES 

TRENCHES FOR SOWING SUGARCANE. 

As far back as 1916 Messrs. G. Clarke and Naib Husain published their notes 
on improved methods of sugarcane cultivation. Their investigations were carried 
out at the Sugarcane Research Station, Shahjahanpur. It was found out that 
yield of mb and gur per acre could be increased by using improved canes and 
improved methods of cultivation. They started with Ashy Mauritius and J. S3 and 
now we have got a number of varieties bred at Coimbatore. The improved methods 
of cane cultivation mainly consist of sowing the sets in trenches and earthing up the 
plants before the setting in of rains. 

These trenches are generally made about the month of November. Surface 
soil to the depth of 6 inches is dug over and heaped up along the trench on one side 
of it. The sub-soil is then dug to a depth of 9 inches and left in the trenoh together. 
Whatever manure is available is then applied and mixed with it. By the end of 
February cane is planted in trenches thus prepared. 

The writer had to start cane cultivation. The land was under potatoes, which 
were dug up about the middle of February. It was not possible to use trencheB 
prepared by the ordinary method in vogue: there was no time for the sub-soil to 
weather by the action of the sun and the wind. There was little hope for the sugar 
cane plant to flourish in a bed of new undisintegrated sub-soil. The writer thought 
if the trenches were so made that they were filled with cultivated soil from the 
surface and the sub-soil dug and heaped up to form ridges, the difficulties mentioned 
above could be easily surmounted. 

After potatoes had been collected, the field was well tilled with a Meston plough 
and the soil well pressed and pulverised. Then the preparation of trenches was 
taken in hand. The reader is referred to diagram A B C D (p. 586) which represents 
the field. The trenching operation began from the side AD. A strip A P Q D, four 
feet in width, was marked out by means of a string fixed at P Q, the labourers 
removed all the cultivated soil from A P Q D and heaped it just outside the strip 
and along P Q. Another string P' Q' was fixed at 2 ft. from A D and a trench P' 
P and Q' Q, 2 ft. in breadth and about a foot in depth, was dug out. The sub-soil 
was heaped up to form a regular ridge A P' Q' D with a base of two feet. The 
bottom of the trenoh was then dug to the depth of 9 inches. The cultivated soil 
that had been heaped along P Q was now put in to the trench and it formed the bed 
for planting sugarcane sets. Having prepared the trench, the operation started from 
P Q and another trench R' R and S' S was made and in this way the entire 
ft$ld was covered with trenohes. When the trenches were complete, the dong and 
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village refuse were spread in them. After mixing manure with the soil, the trenches 
were thoroughly irrigated. When the land was sufficiently dried, the seed-bed was 
prepared by digging and the cane was sown in trenches with the Kudalis or Kaxis. 

After cultivation and earthing of canes were done in the usual way, I had not 
sufficient supply of manure ; and by the middle of the month of May, I applied 
ammophos at the rate of one maund per bigha. The crop was ready in the month 
of February next. C. 0. 213 was the variety of cane that had been sown, and in 
spite of the slump in market prices, the gross income yielded by the crop came to 
Be. 390 per acre. The area actually planted by me was 22 biswas. Some damage 
had been done by the white ant and but for this the income would have been some¬ 
where in the region of Rs. 450 per acre. 

The advantages of this method are:— 

(1) That if a petty farmer cannot spare his land for two years to take a 

single crop of sugarcane and if he has got sufficient quantity of manure, 
he can plant sugarcane in trenches after taking an early crop of Rabi 
from his land. 

(2) That the early development of the plant takes place in a bed which is 

formed of well-cultivated soil. 

(3) That even if the land has been previously green-manured, the enriched 

soil would be available to the plant from its very start instead of 
coming down in small doses with each hoeing when the ridge made by 
the usual method is progressively felled down (it should be understood 
that in the usual system of making trenches the richest soil lies at the 
bottom of the ridge and some 6 inches above the level of the trench). 

(4) That in the usual system the seed-bed is formed in the sub-soil which has 

seen only the mild sun and cold wind of the winter for about 3| 
months. While here the sub-soil is completely thrown out to form the 
ridge which is acted upon by the hot sun and the tierce ho (hot winds) 
of the hot weather. 

(5) That so far as the advantages of the new soil to crops grown in subse¬ 

quent years are concerned, the usual method gives the minimum for 
the ridge which is mostly formed of surface soil and which when 
thrown into the trenoh again forms the surface soil. On the other 
hand, in this method the ridge is almost completely formed of sub-soil 
which remains on the surface of the land even after the sugarcane crop 
has been removed. 

There was no opportunity to have a comparative study of the two methods. It 
has to be left for some future date or for any of the readers who might be interested 
|n it. [Raj Kishorje Singh.) 
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Plant for die Porto Rico Congress—A Cane Variety Collection— 
Activities Among the Regional Sections and Technical 

Committees* 

Exhibits Planned fob Pobto Rico. 

Preliminary arrangements for the San Joan Congress are proceeding apace. In 
order to add to the interest of the international gathering and make the Congress 
more instructive, the local committee, in co-operation with the Department of Com¬ 
merce of Porto Rico, is planning a manufacturers’ exhibit of machinery and supplies 
for sugar estates. A meeting has been called in Porto Rico for the purpose of 
launching this project. Firms that wish to take part in this exposition are invited 
to address the Local Secretary of the Society, Mr. Manuel A. del Valle, Central 
Constancia. Toa Baja, P. R. 

Can® Variety Collection in Pobto Rico. 

( 

Another important attraction to be offered to the members and guests of the so¬ 
ciety is the oane variety garden which is now being established in Porto Rico, under 
the direction of Dr. E. W. Brandes, by the United States Department of Agriculture. 
Dr. Brandes announced in the February number of “ Facts About Sugar” that the 
resolution adopted by the society at the Soerabaja meeting is thus being carried into 
effect in the West Indian area. The attention of all the members of the society is 
called to this article. In order to prevent possible misunderstandings, it should again 
be emphasized here that the purpose of this collection is to offer an opportunity 
for botanical study of the original and other important oane varieties, but that it is 
not to be used as a source of seed cane. All requests for planting material should, 
as heretofore, be addressed to the experiment stations and similar institutions 
where the varieties desired have originated or are grown on an extended scale. 

Manuscripts fob the Pobto Rioo Congress. 

All the reports and papers to be presented at the San Juan Congress should reach 
Mr. Manuel A. del Valle, Central Constancia, Toa Baja, Porto Bioo, by October 1, 
1931, so that there may be sufficient time for preparing preprints to be distributed 
before or at the opening of the Congress. All the committee chairmen and authors of 
papers are requested to assist the local secretary by sending in their manuscripts aa 
early as possible. 
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MzKBEBSHir AND REGIONAL SECTIONS. 

It is very gratifying that we are able to report a total enrolment of 286 paid 
members at the time of writing. Hie total membership for the previous three-year 
period is not known, only the names of members who actually attended the three 
congresses having been published. The number of attendants at the Honolulu 
congress, when the society was founded, was 45, at the Havana congress, 189, and at 
the Soerabaja congress, 144. 

At the present time thirteen regional sections have been officially organized. In 
nine geographical divisions—Cuba, Hawaii, Holland, Natal, Peru, Porto Rico, 
Queensland, Reunion, and the United States (exclusive of Louisiana)—we have 
twenty or more members each, while there are smaller sections in Colombia, Egypt, 
India, and Santo Domingo. 

Special mention should be made of the island of Reunion, with a total area of 
about 2,600 square kilometers, where a complete section of 25 members has been 
formed through the enthusiastic work of M. Auguste de Villele. 

M. Guillaume has accepted the Vice-chairmanship for Indo-China, vacated by the 
resignation of P. Vieillard, aud is now enrolling members there. J. P. Ogilvie has 
consented to organize a section, as vice-chairman for the United Kingdom. Manual 
Roxas has found it impossible, on account of his many other engagements, to form 
a Philippine section, and H. Atherton Lee has been requested to take over his duties. 
Hie Java section is at present being organized by a committee headed by E. C. von 
Pritzelwitz van der Horst, and with A. van. Leer as secretary. It is confidently 
expected that the remaining cane regions, notably, Argentina, British West Indies, 
Japan, Louisiana, and Mauritius, will soon follow the good example of those named 
above. 


Wobk or Technical Committees. 

T. S. Venkatraman (India), Chairman of the Committee on Varieties, has added 
the following technologists to his committee: R. A. Bourne (U. S. A.), G. Bremer 
(Java), W. E. Cross (Argentina), H. H. Dodds (Natal), H. T. Easterby (Queensland), 
G. M. Fortun (Cuba), F. A. Lopez Dominguez (Peru), N. B. Mendiola (Philippines), 
Nand Lall Dutt (India), A. H. Rosenfeld (Louisiana), and D. L. Van Dine (Cuba). 
Hie committee will collect data on the characteristics of the seedlings raised from 
different parents, including wild Saccharums, comprising such characters as vigor of 
growth, and resistance to various diseases; on the conditions for arrowing and for 
arrow fertility; on the technique employed in the pollination and in the growing of 
the seedlings; on the methods of ^selection and elimination as practised in the 
different countries. This plan may be extended or altered through suggestions offered 
by the members of the committee. 
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R. Fernandez Garda (Porto Rica) has been appointed acting chairman of the 
Committee on Cultivation and Field Operations, and Melville T. Cook (Porto Rico), 
acting chairman of the Committee on Diaeaeea. 

The chairman of the Committee on Uniformity in Reporting Factory Data sent 
oat Questionnaire No. 4, on methods of analysis, on December 29, 1930. Question¬ 
naire No. 2, on methods of boiling house control, has been returned by 12 out of a 
total of 14 committee members to whom it was sent. These replies have been 
com piled and will be mimeographed for reconsideration by the committee at the San 
Juan Congress. Questionnaire No. 3, on methods of weighing, measuring and 
has so far been sent back by only 6 members, while 8 replies remain out¬ 
standing. Replies to all questionnaires, Nos. 2, 3 and 4, must be in the hands of 
the by July 1,1931, in order to be considered in the report on the com¬ 

mittee to be presented at the San Juan Congress. 

C. E. Pemberton (Hawaii), chairman of the Committee on Insect Pests, reports 
that J. 0. Myers (B. W. I.) will contribute to the programme of the congress a paper 
on the biological control of sugar cane pests in the British West Indies. 

Sugar Abstracts. 

The first number of this new periodical appeared in January, to be followed by 
monthly issues. Through the initiative of the editor, Dr. 0. W. Willcox, it haB been 
possible to include the literature on beet growing, as originally provided in the 
resolution adopted at the Soerabaja Congress. The new journal will grow in size, 
q uali ty, and value in exactly the proportion in which each individual author and 
each technical sugar institution collaborates by sending in abstracts of papers pub¬ 
lished by them. Every individual who helps in this undertaking will in turn be 
helped by hundreds of others; this idea of mutual service for the good of all should 
strongly appeal to everybody interested in the progress of sugar technology. 
[Dr. F. W. Zbrban.] 


WOODHOUSE MEMORIAL PRIZE. 

In memory of Mr. E. J. Woodhouse, Late Economio Botanist and Principal of 
Sabour Agricultural College, who was killed in action in France in 1917, a prize in 
the form of a silver medal and books of a combined value of Rs. 85 will be awarded 
to the writer of the best essay on a subject of botanical interest to be selected from 
the list noted below. Tie length of the essay should not exceed 4,000 words. 

The competition is open to graduates of Indian Universities and to Diploma 
holders and Licentiates of recognised Agricultural Colleges in India who are not 
more tW 30 years of age on the date of submission of their essays. 
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Papers should be forwarded to the Director of Agriculture, Bihar and Orissa, 
Patna, before November 1st, 1931. 

Failing papers of sufficient merit no award will be made. 

G. S. HENDERSON, 
Director of Agriculture , B. & 0. 


List of subjects for 1931 prize : 

1. The relative value of in-breeding and out-breeding in crop improvement. 

2. The problem of Fodder Crops in India. 

3. Virus diseases. 

4. Symbiosis and plant growth. 

5. The study of correlations and their economic bearing in the science of plant 
breeding. 

6. The inter relations between vegetative propagation and seed reproduction. 



Personal Notes, Appointments and Transfers, Meetings 

and Conferences, etc. 

Tlie Hon’ble Sir Frank Noyce, Kt., C.S.I., C.B.E., I.C.S., Secretary to the 
Government of India in the Department of Education, Health and Lands, has been 
granted leave on average pay for four months out of India, with effect from the 
afternoon of the 2nd July, 1031, and the following appointments have been made, 
with effect from that date 

Mr. G. S. Bajpai, O.I.E., C.B.E., I.C.S., Joint Secretary, to officiate as 
Secretary. 

Mr. A. B. Reid, I.C.S., Deputy Secretary, to officiate as Joint Secretary. 

Mr. Ram Chandra, M.B.E., I.C.S., Additional Deputy Secretary, to officiate 
as Deputy Secretary. 


His Excellency the Governor-General in Council has been pleased under the 
provisions contained in rules 1 and 13 of the Rules and Regulations of the Imperial 
Council of Agricultural Research to appoint the Chief Agricultural Officer, Sind, as a 
member of the Imperial Council of Agricultural Research and also as a member of 
its Advisory Board. 


$8 

The services of Mr. P. H. Rama Reddi, M.A., B.Sc. (Edin.), I.A.S., serving as 
Deputy Secretory to tho Indian Central Cotton Committee, Bombay, have been 
placed temporarily at tho disposal of the Board of Governors, Institute of Plant 
Industry, Indore, for appointment as officiating Director of the Institute, with effect 
from the 10th April 1931 until further orders. 


1 

In consequence of vacancies caused by the retirement of no mina ted members 
with effect from 1st April 1931, the following have been nominated to be members 
of the Indian Central Cotton Committee, Bombay:— 

By the Government of Madras. 

Mr. H. B. Moore to represent the cotton manufacturing and cotton ginning 
industry. 
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Mr. V. 0. Vellingibi Goundeb, of Vellaikinar, to represent the cotton 
glowing industry. 


By the Government of the United Provinces. 

Mr. P. B. Richards, Entomologist to Government, to represent the Agricul¬ 
tural Department. 


By the Government of Bombay. 

Kao Bahadur Bhimbhai Ranchodji Naik to represent the cotton growing 
industry. 


By the Government of Burma. 

Mr. F. D. Odell, Deputy Director of Agriculture, West Central Circle, 
Magwe, to represent the Agricultural Department. 

By the Government of the Central Provinces. 

Mr. F. J. Plymen, C.I.B., I.A.S., Director of Agriculture, to represent the 
Central Provinces Agriculture Department. 

Mr. Y. G. Deshpande, B.A., LL.B., Pleader, Amraoti, to represent the cotton 
manufacturing industry in the Central Provinces and Berar. 

By the Government of the Punjab. 

Ch. Zafrulla Khan, Bar-at-Law, M.L.C., to represent the cotton manufac¬ 
turing or ginning industry in the Punjab. 


In pursuance of clause (xi) of Section 4 of the Indian Cotton Cess Act, 1923 
(XIV of 1923), the Governor-General in Council is pleased to appoint the following 
to be members of the Indian Central Cotton Committee constituted under the said 
Act:— 

Mr. Y. Ramnatha Iyeb, Cotton Specialist, Coimbatore. 

Dr. W. Burns, I.A.S., Principal, Agricultural College, Poona. 


Mr. C. V. Sane, M.So. (Wisoon.), Director of Agriculture, Baroda State, has 
been nominated by the Durbar of the Baroda State to be a member of the Indian 
Central Cotton Committee to represent that State, vice Dr. Y. N. Likhite. 
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Hr. J.H. Walton, M.A., M.So., I.A.S., Imperial Agricultural Bacteriologist., 
Imperial Institute of Agricultural Research, Pusa, has been granted leave on average 
pay for 71 months with effect from the 7th April 1931. 


M 

Mr. N. V. Joshi, First Assistant to the Imperial Agricultural Bacteriologist, 
Pusa, has been appointed to hold charge of the current duties of the 'post of 
Imperial Agricultural Bacteriologist in addition to his own, with effect from the 
7th April, 1931, during the absence of Mr. J. H. Walton on leave. 


Mr. Arjun Singh, L.Ag., First Assistant to the Imperial Agriculturist, has 
been appointed to hold charge of the current duties of the Imperial Agriculturist, 
in addition to his own, with effect from the 17th March 1931, until further orders. 


Dr. F. J. F. Shaw, D.Sc., A.R.C.S., F.L.S., I.A.S., Imperial Economic 
Botanist, Imperial Institute of Agricultural Research Pusa, has been granted leave 
on average pay for 7 months witn effect from the afternoon of the 18th March 1931. 


Elian Sahib Abdur Rahman Khan, First Assistant to the Imperial Economic 
Botanist, has been appointed to hold charge of the current duties of the post of the 
Imperial Economic Botanist, in addition to his own, with effect from the 18th 
March, 1931, until further orders. 


Mr. H. Cooper, M.R.C.V.S., First Veterinary Research Officer, Imperial Insti¬ 
tute of Veterinary Research, Muktesar, has been granted leave on average pay for 
8 months, with effect from the 16th June 1931 or any subsequent date. 


Madras. 

Mr. 0. R. Hibson, B.Sc., IA.S., 0%. Director of Agriculture, Madras, has 
been granted combined leave for one year, four months and 20 days with effect 
from the 5th May 1931, or the date of relief, 

3 a 
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Pending the appointment of a Director of Agriculture, Bao Badadur D. Ananda 
Bao, B.Sc., Headquarters Deputy Director of Agriculture, Madras, has been 
placed in full charge of the duties of the Director of Agriculture, Madras, in 
addition to his own, with effect from the date on whioh he took over charge. 


Mr.,N. S. Kulandaiswami Pillai has been appointed to act aB Doputy 
Director of Agriculture, V Circle, Madras, with effect from the date on which 
Mr. Govinda Kidavu, Dip. Agri., went on leave preparatory to retirement. 


Mr. N. G. Charles’, B.E., Researoh Engineer, Coimbatore, has been granted 
leave on average pay out of India for three months from the 15th June 1931, 
or date of relief. 


Mr. H.E.R. Ddniiill, Assistant Agricultural Engineer, Coimbatore, has been 
granted leave on average pay for two months and eight days from 7th August 
1931, preparatory to retirement. 


Bombay. 

Mr. M. Moiiey-Deen, M.R.O.V.S., Assistant Professor, Bombay Veterinary 
College, has been granted leave on average pay on medical certificate for six 
months and eight days with offect from 2nd February 1931. 


Mr. C. S. Patel, Cotton Superintendent, Surat, has been appointed Doputy 
Director of Agriculture, N.O.D., vice Rao Sahib K.M. Pawar deceased. 


Dr. M. K. Patel has been appointed to bo Assistant Professor of Mycology, 
Poona Agricultural College, and placed on probation for one year. 


% 

Bengal. 

Babu Kalidab . Bay, Superintendent of Agriculture, haB been appointed to 
act as Live-stock Expert to the Government of Bengal, during the absence on 
leave of Mr. F. J. Gossip, or until further orders. 
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Rai Sahib Sharat Chandra Pal has been permitted to resume charge of 
his duties as Assistant Director, Civil Veterinary Department, Western Rang®, 
on expiry of the leave granted to him. 


United Provinces. 

Mr. 0. H. Parr, I.A.S., Deputy Director of Agriculture, Cattle-breeding Sec¬ 
tion, has been granted leave on average pay out of India for six months with 
effect from May 31,1931, or subsequent date of availing. 


Saiyid Muhammad Raza Husain, Divisional Superintendent, Cattle-breeding 
Section to be Temporary Deputy Director of Agriculture in charge of cattle-breed¬ 
ing operations, in the United Provinces Agricultural Service, vice Mr. 0. II. Parr 
granted leave. 


* 

Punjab. 

On reversion from the Imporial Institute of Veterinary Research, Muktesar, 
where he had been deputed to officiate as Director, Mr. W. Ta\ lor, M.R.C.V.S., 
D.V.H., I.V.S., resumed charge of his appointment as Principal, Punjab Veteri¬ 
nary College, Lahore, on the 9th April 1931, relieving Captain U. W. F. Walker, 
M.C„ M.R.C.V.S., I.V.S., who reverted to his substantive appointment as Profes¬ 
sor of Surgery at the Punjab Veterinary College, Lahore, with effect from the same 
date. 


1 ! 

On being relieved by Mr. W. Taylor, M.R.O.V.S., D.V.II., I.V.S., Lala 
Durga Das, P.V.S., temporary officer appointed to carry on the duties of the 
Professor of Medicine during the absence on deputation of Mr. Taylor to Muk¬ 
tesar, reverted to his substantive appointment as Assistant to the Professor of 
Medicine at the Punjab Veterinary College, Lahore, from the 9th April 1931. 


Burma. 

Mr. M. R. Hand a, M.Sc., has been confirmed in his appointment as Lecturer 
in Botany, Agricultural College, Mandalay, with effect from the 1st February 


1931. 
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lb. U. Pa Than, Officiating Deputy Director, Veterinary Services, has been 
appointed to idle Burma Veterinary Service (Class I) with effect from the 4th July 


1929. 


Mr. J. Bhattaoiiarjee, M.R.C.V.S., has been appointed to the Burma Veteri¬ 
nary Service (Class I) with effect from the 4th July 1929. 


Mr. A. Hayes, A.M.I.Meoh.E., Agricultural Engineer, was posted to Manda¬ 
lay for training in Land Records and Surveying for one month from the 7th 
January 1931. 


Mr. J. Smith, M.R.C.V.S., Veterinary Reseach Officer, has been posted to the 
Agricultural College, Mandalay, for training. 


Bihar and Orissa. 

Major P. B. Riley, M.R.C.V.S., I.V.S., Deputy Director, Civil Veterinary 
Department, who was appointed to officiate as Director, Civil Veterinary Depart¬ 
ment, Bihar and Orissa, and Veterinary Adviser to Government, has been appoin¬ 
ted to be Director, Civil Veterinary Department, Bihar and Orissa, and Veteri¬ 
nary Adviser to Government, on probation for two years with effect from the 24th 
November 1930. 


Central Provinces. 

On return from leave granted to him, Rai Sahib Gouri Shankar Shrivastava, 
Deputy Superintendent, Civil Veterinary Department, has been posted to the 
Nerbudda Division. 



REVIEW 


THE REPORT ON THE-VEGETABLE OIL INDUSTRY OE 
HYDERABAD STATE. 

(Review of Recently Published Survey Report.) 

(From a correspondent.) 

In view of the appointment of a Sub-Committee of the Imperial Council of Agricul¬ 
tural Research to study the problems connected with the Vegetable Oil Industry of 
Greater India, the appearance of this publication showing the results of an enquiry, 
which has recently been carried out in an important Indian State, is both welcome 
and timely. 

Bulletin No. 1 (New Series) entitled “ Report on the Vegetable Oil Industry of 
Hyderabad State ” which has recently been published by order of the Trustees of 
H. E. H. The Nizam’s Industrial Trust Fund, and which has been written by the 
Officer in charge of Hyderabad State Oil Industry Survey (Mr. A. F. Yuill, A. M. I. 
Chem. E.) will well repay perusal and careful study by all who are in any way 
concerned with the enquiry which the Research Council’s Sub-Committee are 
conducting. Copies may be obtained from the Commerce and Industry Department 
of Hyderabad State at Rs. 3, per copy, or through booksellers. 

At the time the Report in question was written the full force of the economic 
blizzard, which has since devastated Agricultural India, had not been felt, and 
many of the price figures quoted in the Report are now out of date, but, as pointed 
out in a foreward by Mr. B. Abdy Collins, C.I.E., I.C.S., Director-General and 
Secretary, Commerce and Industry Department, the further fall in price, which 
has occurred since the Report was written, does not in any way affect the conclusions 
drawn. 

Areas under Cultivation and Crop Yields. 

From an agricultural point of view, the most interesting information contained in 
the Report is that dealing with the varieties of oilseeds cultivated in the aTea 
under survey, the actual area under cultivation for each variety, and the yields 
per acre for each. Information on all these points is given in the Report. In 
Section I, Chapter 2, will be found a tabular statement giving the acreage and report¬ 
ed yield of each oilseed for each of the five years ending 1928-1929. From this we 
note that the total acreage in the State under all oilseeds, including cotton, rose * 
from about five and a quarter million acres in 1924-1925 to nearly six and three 
quarter million acres in 1928-1929 ; that the greatest increase in acreage shown was 
9 ( 597 ) 
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in regard to groundnuts, the acreage under which increased by about 400 per cent, 
during the five years in question; that next to cotton, castor seed claims the largest 
average area ; and that the average area under this crop (about 600,000 acres) varieB 
little from year to year. The figures relating to reported crop yields given in the 
tabular statement in question are, as pointed out by the writer of the Report, 
somewhat unreliable, and these have been duly oorreoted in the section dealing at 
length with individual crops. 

Cabtob-beed Chop—Importance op Hydebabad Supply. 

The chapter in Section II dealing with castor-secd will be found to be of more than 
general interest. This is due to the fact that Hyderabad State supplies more than 
half of the oastor-seed, whioh enters into the world commerce, and nearly two- 
thirds of Greater India’s export of thiB commodity. 

Whether an outturn of about 300 lbs. per acre for a crop like castor can be 
considered to be satisfactory from the cultivator’s point of view, is doubtful, but 
the fact that the acreage shows no sign of falling off would seem to indicate that 
cultivators in the major areas of production at least have not been able to find any 
alternate crop which gives better results. Efforts are being made by the Economic 
Botanist, attached to the Agricultural Department, to improve the crop yield of 
selected varieties of castor-seeds, and it appears that there is good reason to believe 
that success in this direction will be achieved. 

Limited Local Consumption of Castob-Cake. 

The information given in the Report as to the limited use to which castor-cake 
is put in Hyderabad State is disappointing. Considering its high ratipg by cul¬ 
tivators in other parts of India, it is surprising that in the most important castor- 
seed growing division, it should be held in so little esteem. 

Groundnuts—Extraoriunary Development. 

Following the lead of Madras and Bombay Presidencies, which had shown 
considerably increased acreages under this crop in the five years ending 1928-29, the 
cultivators of the Hyderabad Districts bordering on these Presidencies eagerly took 
to the cultivation of groundnuts, and in five years the area devoted to this crop in 
the State increased by nearly 400 per cent., the final acreage figures in the case of 
Hyderabad State, nz., those of 1928-29 being 650,310 aores, as compared with 
3,679,349 acres in Madras Presidency and 1,321,000 acres, in Bombay. These latter 
figures, however, only indicate increases of about 100 and 280 per cent, during the 
five years ending 1929, as against an increase of 400 per cent, in the case of 
Hyderabad. 
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Disappointing Crop Yields. 

The corrected figures showing the total estimated production of shelled ground¬ 
nuts during each of the five years in question, indicating as they do a net average 
crop yield of about 600 lbs. of shelled groundnuts per acre, show how much room 
there is for improvement, before the results can be brought up to the level of the 
crop yields, reported by the Bombay Agricultural Department for 1928-29, viz., 21 
cwts. of unshelled nuts (equal to about 15 cwts. of shelled nuts) per acre. 

Oil-contents op Different Types. 

The information given in the Report relating to the different varieties of 
groundnuts, cultivated n different parts of the State, make interesting reading, as 
also does that relating to the individual oil content of such varieties. The superio¬ 
rity in this respect of the small Spanish type, grown in the districts bordering on 
the Khandesh and Nasik Districts of Bombay Presidency, is most marked, as also 
is that of a so-called “ Ranchi ” or '• Kanke ” variety, possibly a small Japanese 
tyj)e of groundnut, recently introduced by the Agricultural Department. 

Comparison of the oil-content figures of Hyderabad groundnuts, of the differ¬ 
ent varieties, with those obtained for similar varieties elsewhere, indicate that 
Hyderabad State has nothing to fear from such a comparison. 

It is interesting to note the suggestion put forward, and evidently based on 
the results of careful observation by people long concerned with the groundnut 
export trade, that in certain cases and under certain conditions of Btorage, the oil- 
content of groundnuts can be increased to a certain extent oven after harvesting. 

Watering of Groundnuts. 

Attention is drawn to this practice, which is said to prevail to a greater extent 
amongst merchants in Madras Presidency, and to some extent in Hyderabad State. 
It is not suggested that any immediate action should be taken to deal with this 
undesirable state of affairs, but in case complaints regarding damage due to exces¬ 
sive watering increase, executive action may have to be taken to protect the good 
name of Indian groundnuts. 

Groundnut-cake Problem. 

Attention is drawn to that curious phenomenon, the occurrence of which has 
been noted in all groundnut growing areas, viz., the disinclination of Indian cul¬ 
tivators to use groundnut-cake, especially that prepared by means of modem 
machinery, for feeding to their cattle. In consequence of this mistaken attitude, a 
very luge proportion of the groundnut-cake so produced has to be exported, and. 
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while the good demand for it which exists in Europe helps to solve the problem of 
its immediate disposal, the loss of so much soil fertility cannot be viewed agricul¬ 
turally with anything like satisfaction. Suggestions for investigation, which might 
lead to the discovery of new uses for this and other oil-cakes, and to find out 
whether there is any substantial foundation for the cultivators’ dislike, are put 
forward. The possibility of success in finding out new uses for the cake is indi¬ 
cated by the results of certain experiments, carried out by the writer of the Report 
in conjunction with the staff of the Government Industrial Laboratory, Hyderabad, 
whereby a new substitute for milk casein has been produced from the filter presB 
sludge, obtained during the process of groundnut oil-milling. We understand that 
in some respect, and particularly when it is used for the preparation of insecticidal 
sprays, this new caBein substitute has proved itself to be stronger, and more effective 
than genuine milk casein. 


Cotton-seed Problems. 

There can be few more controversial subjects in agricultural and industrial 
economics, than that dealing with the possibility of utilising the cotton-seed crop 
of India industrially. 

The Report under consideration provides fresh food for thought in this direction, 
and points out a method by means of which the problem may possibly bo solved. 
Side by side with his survey of existing conditions in this line, the writer of the 
Report conducted interesting experiments in regard to cotton-seed deSbration, 
and although finality had not been obtained at the time of the completion of 
the Report, sufficiently conclusive preliminary results appear to have been secured 
to warrant the recommendation that, 1 To suit Hyderabad State conditions the 
undecorticated, rather than the decorticated, system of oil-milling should be 
followed, that defibration should, if possible, be practised, and that oil expellers 
should be used for oil extraction in preference to hydraulically operated machi¬ 
nery ”. Whether or not this dictum equally applies to all-India conditions, will be 
for the new Sub-Committee to decide, after having seen the newly designed 
defibrating machinery described in the Report in actual operation. We understand 
that the complete results of an extended trial of the new difibrating machine will be 
available shortly. 

Cotton-seed Production—Export and Local Consumption. 

According to the figures given in the Report, the total yearly production of 
cotton-seed in Hyderabad State averages 266,000 tons, out of which 60,000 tons 
are obtained as the results of hand-ginning the kapas in the interior, and 
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only about 200,000 tons are tamed out by the power-driven ginneries, located 
along the railway lines. Out of an average production of 280,000 tons, the annual 
exports of ootton-secd for the five years ending 1928-29 have averaged 94,000 
tons, while looal consumption, including that used for seed purposes, accounts for 
the balance, viz., 186,000 tons per year. Nothing is mentioned in the Report about 
the different varieties of cotton cultivated in Hyderabad State, nor about the 
very interesting experiment in regard to the creation of an exclusively “ Hydera¬ 
bad Gaorani ” territory in Nanded District, whi?h is being closely watched in 
agricultural oircles. The matter, however, is not of great interest from an oil 
industry point of view as the oil-content of the seed from superior grades of 
cotton does not appear to be in any way higher than that of the inferior. 

OlL-OAKE DISPOSAL PROBLEMS. 

Apart from the interesting technical and economical problems involved, which 
are fully dealt with in this Report, the chief interest in cotton-seed oil milling, 
from an agricultural point of view centres around the question of getting the 
cultivator to utilize the oil-cake for feeding to his cattle in place of cotton-Beed. 
Unless he can be induced to do so, and to preserve and utilize on his land the 
resulting manure, etc., there is little justification for the encouragement of the 
industry. In view of the great importance of this question, the very full explanation 
of the method used in determining the feeding value of different food-stuffs, given 
by the writer of the Report, is fully justified. The only criticism we have to make 
of the excellent case which he has made out on behalf of defibred cotton-seed cake 
is that in assuming that this material will have a feeding value equal only to 80 
per cent, of that of cotton seed, he is considerably under-estimating its value. 
Judging from perusal of more recent comparative figure for the two materials, we 
believe it will be found that defibred cotton-seed cake will be found to have a 
feeding value almost equal to that of cotton-seed. A carefully conducted feeding 
trial of this material is at present being conducted at the Imperial Institute 
of Animal Husbandry and Dairying at Bangalore, the results of which should 
be available shortly. 

Sesamum or til-seed. 

While the acreage under this crop in other parts of India, haB shown a more or 
less marked tendency to contract due to the competition of more profitable crops, 
and to the reduced demand for the oil, due to the increasing competition of ground¬ 
nut oil the area under sesamum in Hyderabad State keeps remarkably steady, 
and even shows signs of expansion, in spite of the fact that the yield per acre in 
this Stats is amongBt the lowest reported. The average acreage devoted to 
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sesamum in Hyderabad State daring the five years ending 1928-29, according to 
figures given in the Report was over 510,000 and the average yield per acre about 
140 lbs. Judging from these figures, sesamun cultivation does not seem to be a 
very attractive proposition, and it is surprising that the area under its cultivation 
should be so steady and apparently capable of further expansion. 

Kardi or Safflower Seeds. 

a 

This is another crop which from an agricultural point of view hardly seems 
to justify its continued cultivation. A yield of 200 lbs. per acre of an oil-seed 
from whioh only half as much oil and cake can be obtained, as in the case of 
groundnuts, seems to indicate the urgen t necessity for a crop change, whioh would 
enable the cultivator to get a better return for his labour and expenditure. 

Other Oil-Seeds. 

None of the othor oil-seed crops, dealt with in this Report, appears to be of 
sufficient importance to justify serious consideration. Even linseed is of minor 
importance, although both acreage andjoutturn of this seed in Hyderabad State are 
equal to about 10 per cent, of the corresponding all-India totals. The absence of 
any indigenous linseed oil-crushing and boiling industry is noticeable. The absence 
also of any organization for collecting and crushing momah seed is surprising, seeing 
that there exists a latent, if not very active, demand for the oil on the part of the 
local soap makers. 

Disposal of Oil-seed Crops in Hyderabad State and Greater 'India. 

It is interesting to note just how the oil-seed crops of these two areas are 
actually disposed of, i.e ., what proportion of the total crop in each area is 
exported and what is utilized in the area itself. From the figures furnished by this 
Report it can be deduced that, in Hyderabad State, (excluding ootton-seed) 
about 80 per cent, of the total oil-seed crop of 1928-29 was exported, and above 20 
per cent, or about 70,000 tons was utilized locally. Including cotton-seed, about 
60 per cent, of the total production was exported, and 40 per cent, utilized 
locally. For Greater India the corresponding figures would probably be found to be 
about 20 per cent, exported and 80 per cent, locally utilized (excluding cotton¬ 
seed), and including cotton-seed 15 per cent, exported and 85 per cent, utilized in 
the country. Comparison of these two sets of figures shows how backward 
Hyderabad State is in regard to manufacturing developments as compared with 
British India and how much scope exists for improvement in this direction. 
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OlL-CAEES AND THEIR DISPOSAL. 

The export of agricultural fertility in the form of oil-cakes has long been 
objected to by agricultural reformers and proposals have been put forward from 
time to time for the imposition of an export duty on this commodity, in order to 
ouxtail export and enable cultivators to purchase their requirements at lower rates. 
In this connection, it is interesting to note that it is proposed to abolish the existing 
duty on oil-cakes exported from Hyderabad State in order to assist the vegetable 
oil industry, and that notwithstanding the recent unprecedented reduction in the 
market prices of oilcakes, there is as yet no sign of any increased consumption, 
either in Hyderabad State or Greater India. As a matter of fact, recent export 
statistics show that, in spite of the low prices which are being realised for them, 
the export of oil-cakes from Bombay during tho first six months of this year has 
been 50 per cent, greater than during the corresponding period of last year. 

Oil-oake Export Local Consumption. 

In spite of the increased export noted above, the weight of oil-cakes exported 
from British India is still a minor matter, compared with that retained and utilized. 
In the Report under consideration, the writer puts the oil-cake export figure for 
British India at 12| per cent, of the total production. For Hyderabad State 
according to the same Report the weight of oil-cakes oxported thence is a much 
higher percentage of the total production. The figuros given show that 50 per cent, 
of the total production or about 20,000 tons a yoar is exported, and that a similar 
woight is utilized locally. From an agricultural point of view, however, the object 
to bo aimed at, as far as possible, should bo a greater and more economical 
utilization of oilcakes in the country of origin. Mr. Yuill’s report, mainly concerned as 
it is with industrial rather than agricultural problems, does not offer any very clear 
indications of what stops should be taken to bring about the desired results. 
Beyou 1 suggesting that furthor research should be undertaken in the Government 
Industrial Laboratory at Hyderabad, to find out now uses for groundnut cako, 
including development of a process whereby it might be made available for human 
food purposes and proposals for the encouragement of cake-consuming industries, 
such as dairying, this part of the Report is not aB conclusive as it might have been. 

Selection of Suitable Oil-milling Equipment. 

Whatever defects the Report may possess, and specialists in particular lines 
might be able to point out quite a number, it oannot be said that it fails to give an 
adequate lead in regard to the selection of the right type of oil-milliug appliances, for 
dealing with the different varieties of oil-seeds met with in Hyderabad State. 
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Furthermore the advice given is backed up by analytical figures, showing the actual 
results of analysis of samples obtained as a result of using the different appliances 
recommended. 

Concluding proposals—Research—Establishment op Oil Industry Institute, 

ETC. 

The proposals put forward in the concluding chapter of the main Report are 
interesting and ambitious. In this chapter of the Report, the writer puts forward 
a carefully reasoned plea for the encouragement and development of research work 
in connection with the problems of the vegetable oil industry. Another plea put 
forward is for the establishment of an Oil Industry Institute in Hyderabad, along 
the lines of the Oil Industry Section of the Harcourt Butler Technological Institute 
at Cawnpore, for the training of supervisory staff for the industry, and a third is 
concerned with the provision of facilities for training a better type of mechanic, 
capable of operating successfully modern oil-mill machinery. With regard to the 
plea for the prosecution of research, no objection can be raised. The results already 
achieved at the Government Industrial Laboratory, Hyderabad, under Mr. Yuill’s 
guidance are sufficient justification if any is required. Ihe question as to whether 
or not Mr. YuilFs proposals for .the establishment of an Oil Industry Institute in 
Hyderabad are justified, is a matter for the State authorities to decide, after consi¬ 
dering all the factors of the case, including the all-important financial one, but if 
the experience gained, as a result of the establishment of the Oil Industry Section 
of the Harcourt Butler Technological Institute is any guide, it is certain that there 
will be no lack of hum m raw material, anxious to avail itself of such facilities as 
may be offered, if the establishment of an Oil Industry Institute in Hyderabad 
should become an accomplished fact. 
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ORIGINAL ARTICLES 


SOME RECENT DEVELOPMENTS IN CONNECTION WITH COT¬ 
TONSEED DISPOSAL. 

Interesting Experimental work in Hyderabad State. 

BY 

A. F. YUJLL, A.M.L Ohm. Encj., 

Late Officer-in-charge , Oil Industry Survey , Hyderabad Slate. 

In the report regarding the Oil Industry Survey, conducted by the writer for 
His Exalted Highness The Nizam’s Government, a certain amount of informa¬ 
tion is furnished regarding the introduction of cottonseed defibration, by means of 
a machine, which was constructed at His Exalted Highness The Nizam's Mint 
Workshops, Hyderabad, according to the design furnished by the writer, and 
although experiments in connection with the same were not complete at the time 
the report was prepared, sufficiently satisfactory results had been obtained to 
warrant the recommendation that for oil milling purposes, cottonseed should be 
defibred. 

In view of the interest which has been created amongst agricultural officers, 
and others, interested in this new development, the writer has been requested to 
furnish this Journal with further information, which might be of interest to their 
readers. 

Initiation of further experiments. 

After completing the Oil Industry Survey, for which his services had been 
retained by the Hyderabad Government, the writer assisted in the completion of 
the constructional and experimental work connected with the defibrating machine, 
and at an early stage found that it would be necessary to have the machine run on 
a commercial scale in a cotton-growing centre, in order to accumulate more definite 
information regarding the actual commercial utility of the process, as shown by the 
prices, which users of the various products would be prepared to pay for the same 
in comparison with the materials which they were using. 

Basis of experiments. 

In the first place it was felt that it was necessary to ascertain what price oil 
millers in Europe would be prepared to pay foi defibred cottonseed as compared 
with the undefibrcd. To enable this experiment to be carried out, Messrs. Ralli 
Brothers came forward with an offer to supply, for such experiments, any quantity 
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of undefibred cottonseed required, to take away tbe resulting defibred seed and to 
ship the same to buyers in Europe at their own risk and expense. 

Similarly, the Imperial Dairy Expert offered to arrange for comparative feeding 
trials at the Imperial Institute of Animal Husbandry and Dairying at Bangalore, 
using defibred oottonseed cake to replace other items of the standard ration. 

Again, several officers of the various Provincial Departments of Agriculture 
offered to furnish trial lots of different types of the cottonseed, in which they 
were particularly interested, in order to ascertain the results of defibration on tbe 
same, and in certain oases to compare the germinating capacity of defibred seed 
with that of the original. 

The Commerce and Industry Department of Hyderabad State was therefore 
approaohed with a proposal that its newly constructed oottonseed defibrating 
maohine should be transferred to Nanded, one of the principal cotton growing 
centres of Maratwada, for operation on a commercial scale, with a view to obtain 
definite information along the lines indicated. 

Sanction having been obtained, the defibrating machine in question was duly 
installed on the premises of the Osmanshahi Mills at Nanded during the latter part 
of March. 

The situation selected was not entirely satisfactory, as the machine was ereoted 
in an open space, where, during a considerable part of the day, it was exposed to 
the direct rays of the sun, the effect of which must have been considerable, seeing 
that the maximum shade temperature at Nanded varied between 114° and 117° 
during a considerable part of the time the experiment was being oarried on. 

However, in spite of this and other incidental difficulties, the machine, worked 
satisfactorily, and consistently gave results whioh were quite up to expectation. 
The faot that it continued to work satisfactorily for a period of nearly two months 
in charge only of two coolies is a proof that its general construction had been on 
sound lines, and that the materials used were more or less satisfactory. 

Mechanical results. 

Wear and tear of the machine during the oourse of the experiment was notice¬ 
able but in no way exceptional. The carborundum coating of the inner surfaces 
was found to have worn about during the oourse of the experiment, showing 
that in all probability the carborundum surfaces of such machines may require to be 
renewed annually. 

Power requirements and output of machine .—The power required to drive the 
demonstration maohine though considerable was not found to be exoessive. As 
far as oould be judged, with the help of the appliances available, it was estimated 
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that the maximum requirements were somewhere in the neighbourhood of 8 B. H. 
P. and the average about 6. 

The output of the demonstration machine, which, on account of oertain mechani- 
oal restrictions, was run considerably below the speed for which it was designed, was 
found to be at the rate of one bag or about 140 lbs. of undefibred cottonseed per hour. 
This output, as will be noted, is somewhat low, if the machine is to be used for com¬ 
mercial purposes, and it is evident that it will be necessary to construct machines 
having a much larger output, and with various modifications which will enable them to 
work continuously instead of intermittently, as in the case of the present machine. 

Arrangements will also have to be made to reduce the frictional resistance of 
the various parts of the machine, bo that the cost of working it can be further reduced. 
By making use of the information obtained as a result of the present experiment, it 
should not be difficult to construct a machine complying with the aforementioned 
requirements, and the manufacture and perfecting of such machines is the next 
problem awaiting solution at the hands of experimenters in this line. It is estimated 
that a machine fulfilling the requirements mentioned above, and having an output of 
not less than 5 cwts. per hour can be constructed, and sold at about Rs. 3,000, and 
that it would require for its operation not more than 20 B. H. P. per hour. 

In the case of the original machine, the necessary draught for carrying off the 
fibre and dust, was obtained by means of a mechanically driven fan, but, as this 
arrangement was found to give trouble, a compressed air supply, whioh was 
available, was utilised. This was found to give more satisfactory results, and it is 
possible that this or some similar modification may be incorporated in future 
machines. 

Varieties of seed tested. 

During the course of the experiment, cottonseed of many varieties and in 
varying quantities was passed through the defibrating machine, and only in one or 
two oases were the results unsatisfactory. One such case, in which the result did 
not come up to expectation, was that of Cambodia cottonseed, furnished by the 
Director of Agriculture, Madras. During the process of defibrating this seed, a 
oertain amount of seed breakage took place, duo to the exoessive amount of lint 
adhering to the seed, and to the excessive tenderness of the shell. In this case 
less than 75 per cent, of defibred seed were recovered, the balance representing 
fibre, dust and some broken seed. The defibred oottonseed, however, was found to 
contain upwards of 22 per cent, of oil which is a much higher oil content than is 
found in any of the local varieties, which are at present fetohing much higher 
prices than Cambodia. Provided, therefore, that certain mechanical difficulties 
can be successfully overcome, it seems reasonable to suppose that the value of the 
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Cambodia cotton crop could be considerably increased if all the seed produced was 
defibred before being offered for sale. 

Pmjab-American seed .—Another type of seed dealt with during the course of 
the present experiment, and in the case of which results were not entirely satisfac¬ 
tory, was that of “ Punj ab-American ” 289 F. reoeived from the British Cotton 
Growing Association's Khanewal Estate. This seed which in many ways resembles 
Cambodia also suffered considerable damage during the defibrating prooess, and 
the actual outturn of defibred seed was found to be not more than 70 per oent. of 
the original weight of seed treated. 

Those results could no doubt bo considerably improved upon, as a result of 
further practice in dealing with the materials in question, and it is evident that, 
as far as these two varieties are concerned, there is considerable room for such 
improvement. As, however, Punjab cultivators totally refuse to use oottonseed of 
the Punjab-American 289 F. type for feeding to their cattle, and the same has to 
be used for fuel in the boilers at the ginning factories, it is evident that, in spite 
of the heavy defibrating loss involved, the defibrating process has distinct possibili¬ 
ties, and may help to popularise tho cultivation of this otherwise satisfactory variety 
of cotton. 

Success obtained with Indian varieties .—It will be noted that both of the varieties 
of cottonseed which gave unsatisfactory results, were exotic. Strange to say no 
such difficulties have been found to occur in connection with the treatment of seeds 
of “ pukha ” Indian varieties. Some of these latter can be defibrated more easily 
than others and with lower defibrating losses, but in general it may be taken for 
granted that any Indian variety of cottonseed can be treated in the “ Hyderabad " 
type of defibrating machine, with the minimum loss due to seed damage. It may 
be taken for granted that the actual seed breakage in the case of Indian varieties 
does not exceed 5 per oent. 

“ VERUM ” AND “ BANILLA ” COTTONSEED. 

40 lbs. of Verum cottonseed No. 262 was received from the Akola (Berar) Govern¬ 
ment Experimental Farm for defibration. This was effeoted with a loss of only 
3 lbs., 37 lbs. of defibrated seed being returned to the Farm, to be tested for its 
germinating and other activities. 102 lbs. of Banilla cottonseed was received from 
the Government Agricultural Station, Jalgaon (Bombay Presidency), for treatment. 
This was effected with a loss of only 11 lbs., 91 lbs. of defibrated seed being returned 
to the station in question. 

“ Pancumahals ” Cottonseed. 

A lot of - about one maund of Panchmahals cottonseed was received 
from Derol in that district, and it was defibrated with an apparent loss of about 
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20 per oent. This seed, which appeared to be of a variety similar to Broach, stood 
up very well and little or no damage to the seed was noticeable. This was probably 
due to the faot that such seed has a very thick and hard shell, and that the kernel 
completely fills the shell instead of being more or less loose as noted in the case of 
“ Cambodia ” and Pnnjab-American. 

“Howbi” and “Bani” Varidities. 

A bag of Howri type Beed from Warora in the Central Provinces was supplied 
by the Superintending Engineer of the Central India Spinning and Weaving Co., 
Ld., Nagpur. The orginal weight of the bag was 120 lbs. and the weight of 
defibred seed returned to him was 96 lbs. showing a loss of approximately 20 per 
oent. of the original weight. Another lot of 125 lbs. of Bani seed from Umri, in 
the Nanded District of Hyderabad State, was supplied by the same party, and out 
of this, 101 lbs. of defibred seed was obtained and returned to the supplier. This 
also gives a loss of nearly 20 per cent, of the original weight. 

Most of the other oottonseeds, treated during the course of the defibrating 
experiments at Nanded, were of the local “ Howri ” type, and, provided that the 
original seed was of normal quality, it was found that the average defibrating loss 
did not exoeed 20 per cent. In tho oase of seed of very inferior quality or con¬ 
taining a large percentage of dust and seed, which had been broken during the 
ginning process, or in cases whore the percentage of exotic seed was higher than 
usual, somewhat greater defibrating losses occurred. 


Examination of products. 


Anal ysis figures of original cottonseed of tho “ Howri ” variety, and that of 
various defibred oottonseed products, as ascertained by the Government Industrial 
Laboratory, Hyderabad, are given in the subjoined statement. 
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In connection with the figures given above it may be noted that in the case 
of the experiments to which they refer the defibrating loss amounted to about 
20 per cent, and the yields of crude oil and defibred cake to 11§ per cent, and 
67 per cent. 

The figures for the various materials are illuminating, and give a very fair 
idea of the effect of defibration and the possibilities which its introduction affordB 
for improving the technique of oil milling, and incidentally for solving many of 
the agricultural problems connected with the cultivation of the cotton crop. A 
detailed consideration, therefore, of the figures relating to the various materials 
should prove both interesting and instructive. 

Original undefibred seed. 

From the foregoing statement it will be noted that the seod treated was of a 
more or less average “ Howri ” quality, tho sand content only appearing to bo 
somewhat excessive. The percentage of crude fibre, which includes not only the 
actual fibre adhering to tho seed but also the woody fibre contained in the shell, is 
more or less normal. Judging from the results obtained, it would appear that the 
percentage of actual fibre adhering to the seed of " Howri ” cottonseed of this type 
is equal to between 6 to 8 per cent, of tho total weight of seed, and that the 
balance represents woody fibre, of more or less digestibility contained in the shells. 
In the case of vory fibrous oottonseed, such as “ Cambodia " and “ Punjab- 
American ”, the percentage of adhering fibre appears to be about double that of 
Hie ordinary Indian varieties. It goes without saying that this adhering fibre has 
no food value whatever, whereas the woody fibre contained in the shell is probably 
digestible to a considerable extent. The removal of the adhering fibre is, therefore, 
justifiable, in that its elimination from the digestive process of ruminants must 
involve some effort, necessitating the consumption of additional foodstuffs. This 
adhering fibre also harbours all sorts of impurities in addition to the earthy 
materials shown by the above analysis. These include the eggs of tho various 
plant parasites, including Red Cotton Bugs, and probably also those of the Pink- 
Boll Worm and other enemies of the cotton crop. The removal of this adhering 
fibre therefore is further justified, in the interests of insect destruction and in all 
probability the complete defibration of all cottonseed, whether intended for export, 
oil milling, cattle feeding or seed purposes, would prove to be a satisfactory method 
of getting rid of many of the enemies of cotton and other field orops. The question 
of the relative germinating capacity of undefibred seed, however, has yet to be 
ascertained, but, as experiments in this direction are to be oarried out on one or 
two Government Farms during the course of the present season, authoritative 
information on this subject should be available shortly. 
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Dbbtbeed cottonseed. 

The analytical figures given in the above statement for this product are 
extremely interesting. In the first place, the considerable inorease in the oil con¬ 
tent will be of considerable interest to oil millers, as not only is the actual oil 
content of the seed increased by something like 15 per cent., but the removal of the 
objectionable adhering fibre renders a greater percentage of the oil extractable. 
This increase in the percentage of extracted oil should help to make Indian cotton¬ 
seed more attractive to European oil millers, and help it to compete on more even 
terms with Egyptian cottonseed, which is still being imported into the United 
Kingdom in very large quantities, whereas Indian seed has almost disappeared from 
the European markets. More definite information on this subject will become 
available, after the consignment of defibred oottonseed, which is being sent to 
England by Messrs. Ralli Brothers, reaches its destination, and gets into the hands 
of the oil millers. It will be noted from the figures given above that the crude 
fibre content of defibred sood is about 6; per cent, lower than that of the original 
seed. In view of the faot, however, that the defibred seed represents only about 
80 per cent, of the weight of the original Beed, it will be evident that the actual 
percentage of crude fibre removed from the orginal seed must have been about 
7 per cent. As the crude fibre removed in this case did not appear to contain any 
finely divided shell particles, it may be taken for granted that the total amount of 
fibre, which appears to have been removed from the original sample, represents 
adhering fibre only. r Ihe most remarkable point, which will be noted in connection 
with the figures given above for defibred seed, is the fact that it contains no sand 
whatever. It was this remarkable freedom from impuiities which led to the 
suggestion that defibred cottonseed might be used for human food purposes. 
If all the sand and dirt is removed, and in this respect the Hyderabad defibrating 
machine appears to be 100 per cent, effective, it may be taken for granted that it 
must be equally efficient in removing other objectionable materials, including the 
eggs of parasites. 

As mentioned above, the defibred seed represents of an average 80 per cent, of 
the weight of the original seed, the balance being mainly crude fibre and dust which 
oan have little or no food value, and the removal of this objectionable and useless 
material and the saving in transport charges, which such removal would effect, 
appear to be sufficient justification for the introduction of defibration. When, 
however, it is taken into account that defibred seed occupies only two-thirds of the 
volume of an equal weight of undefibred, and that the possibility of deterioration 
during transport and storage are greatly minimised in the case of defibred seed, it 
is evident that defibration represents a considerable advance in the technique of 
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cottonseed disposal. The only drawback, if suoh it can be oalled, of tike wholesale 
introduction of defibration will be that it will beoome almost impossible for agri¬ 
cultural offioors, responsible for maintaining the purity of the different varieties of 
cotton, to differentiate between the various seeds, and it is more than probable 
that, in oaso defibration becomes a universal practice, it may be necessary in the 
interest of orop purity to entirely prohibit the importation of cottonseed into all 
ootton-growing areas, except under special license from the Agricultural Depart¬ 
ment. Suoh action on the part of the Agricultural Department would not really 
involve the cultivators in any hardship, and it would doubtless help to popularise 
the use of oottonseed cake, prepared from defibrod seed, in those districts where 
cottonseed is preferred for cattle-feeding. 

DkfIBRED COTTONSEED CAKE. 

The analytical figures for this produot, shown in the foregoing statement, 
indicate that it is, and muBt bo, an excellent cattle food. Its oil content is just 
about that recommended by the highest authorities. The most remarkable 
point brought to light as a result of its analysis is its very high carbo¬ 
hydrate content, which is 33£ per cent, higher than that of the original 
seed, and nearly two-thirds as muoh as that of the best grains. In Europe, up 
to within very recent times, the cost of the albuminoid part of the ration was a 
matter which required most sorious consideration. In India, however, and 
especially under present day conditions, it will be found that albuminoids are 
cheaper than carbohydrates, so that the remarkably high carbohydrate content of 
defibred oottonseed cake is a matter of more than ordinary interest to agriculturists. 
Taking all the faots into consideration, it will be found that defibred oottonseed 
must have a feeding value more or less equal to the original cottonseed, in spite of 
the faot that about 12 per cent, of the oil originally present in the seed has been 
removed and otherwise utilised. As mentioned elsewhere a feeding trial with this 
material is being conducted at the Imperial Institute of Animal Husbandry and 
Dairying, Bangalore, the result of which will doubtless show the advantages of 
using this pure and easily digestible cake, in preference to the doubtful mixtures 
which at present arc palmed off on unsuspecting cultivators as oottonseed. 

Crude fibre and dust. 

The analytical figures relating to the above appear at first sight to be 
disappointing. Its oil oontent is higher than is really desirable, Bering that 
the possibilities of making use of it are few, and that, in case the material is 
to be used for the manufacture of paper pulp, a large percentage of oaustio soda 
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will be required to convert it into a soap before the oollulosio part of the mixtures 
can be separated and utilised. A portion of the oil oontent of the material has 
donbtlois baon derivod from b*okon kernels present in the original seed, which 
during the process of defibration have become reduced to a more or less impalpable 
powder and carried off along with the fibre, and the gum like material, which lies 
between the actual shell and the adhering fibre and which in fact appears to hold 
the adhering fibre on to the shell. 

The oarbohydrate oontent of the sample apparently oomes to a considerable 
extent from this gum-like material, and as it is not possible to defibrate the seed 
completely without removing this gum, its presence in the crude fibre and dust will 
have to be tolerated. 

As regards the crude fibre percentage shown in the analytical Agues for thiB 
material, this is somewhat lower than was expected, and it is somewhat disappoint¬ 
ing on account of the fact that it renders the material less attractive from a paper¬ 
making point of view. Whether or not it will be found practicable to effect such 
a separation of the differrent constituents of the crude fibre and dust, so that the 
percentage of crude fibre can be sufficiently increased to make it more attractive 
from a paper-making point of view, remains to be seen, but laboratory-scale ex¬ 
periments in this direction, which are being conducted by the writer, indicate that 
the possibilities of success will bo greater if bio-chemical rathar than chemical 
methods of treatment are followed. The cost of bio-chemical treatment will also 
work out much lower than the other. The considerable albuminoid content of the 
crude fibre and dust suggests possibilities of utilising it in certain cases for manurial 
purposes. Its nitrogen content is apparently nearly half that of castor cake, and, 
judging from its physical appearance, it should give excellent results on heavy hind, 
although the fact that it contains such a large quantity of injurious insect eggs 
may necessitate caution in utilising it, in situations where the results might prove 
injurious to growing crops. Fortunately, however, it has been found that fie crude 
fibre and dust is an excellent fuel, has a calorific value of about 7000, and can be 
utilised most economically after suitable humidification in suction gas plants for 
the generation of power required for defibration and other purposes. It is esti¬ 
mated that, if the whole of the cottonseed crop of India was defibrated before 
being otherwise utilised, and the resulting crude fibre and dust was properly 
utilised as fuel in suction gas plants, it would be possible to obtain sufficient power 
therefrom, not only for defibrating purposes but also for ginning and pressing the 
entire ootton crop. In view of the fact that the reduction of cotton-ginning costs 
has become a matter of most serious consideration, it is worthwhile considering 
whether this cannot be effected by the utilisation of the crude fibre and dust result- 
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ing from defibrating cottonseed. In any case the saving in rail freights which 
would be effeoted by the substitution of this material for coal, and its utilisation 
on the spot for fuel purposes instead of paying transport charges on it for, in some 
oases, thousands of miles by land and sea appears to be worth consideration and a 
more logical proceeding than the present. 

The orude fibre and dust can also be burned in the furnaoe of a steam boiler, 
but it requires more draught to burn it effectively than doeB coal. 

It will probably therefore be advisable to burn it in admixture with coal, rather 
than alone, when necessity compels its utilisation in existing Bteam power plants. 
Needless to say it will not give as high an efficiency when used in this manner as 
when used in a suction gas plant. When the crude fibre and dust is utilised for fuel 
purposes in the manner indicated above, the ash from the same, which according 
to the analysis given above amounts to about 18 per cent, of the original weight, is 
obtained in the form of very fine dust, free from any suggestion of clinker, and as 
it contains something like 7 per cent, of potash and 4 per cent, of phosphoric aoid, 
it is possible that it may find application as a manure particularly on rice lands. 
As it comes in the form of an absolutely dry powder, and apparently has no 
tendency to absorb moisture from the atmosphere, its use, in admixture with more 
hygroscopic salts, is probably to be recommended. It is also an excellent cleaning 
and polishing material for mctalB. A minor but nonetheless useful by-product of 
the utilisation of the crude fibre and dust for fuel purjioses in a suction gas plant 
is that of vegetable tar, which is separated fi om the gases in the tar-extractor of 
the plant. It is useful for purposes similar to thoBe for which coal tar is used, and 
it is of more or less equal value. About two gallons can be obtained from each ton 
of material treated. 

Cottonseed oil. 

So far nothing has been mentioned about the crude cottonseed oil which was, 
in this case, obtained as a result of treating the defibred seed in an oil-expeller. 
This amounted to about llj per cent., which result could doubtless have been im¬ 
proved upon if the experiment would have been continued for a longer time, but it 
is fully equal to what could have been obtained by crushing the undefibred Beed by 
any other known method. 

As regards the quality of the oil, a London broker writes as follows :— 

“ With reference to your favour of-we have received the sample of 

Crude Bombay Cotton Seed Oil, which sample compares very favour¬ 
ably in colour with the usual Hull MakeB. ” 

The percentage of acidity in the sample in question as ascertained at the Govern¬ 
ment Industrial Laboratory, Hyderabad, was under I'2. 
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According to the report of the broker in question, there is a considerable market 
in the United Kingdon for oil of this quality in the crude state, for sale to refiners 
and soapmakers. Hull is the best port for consignments, followed by London. 
The present prioe of oil per ton in Europe is about 3£ times the prioe of cottonseed. 

Crude cottonseed oil can also be refined and used looally for edible purposes in 
competition with sweet oils like til, Kardy Groundnut, etc., but in view of the 
fact that there is a surplus production of oilseeds and oils in India at present, it 
is doubtful if the necessary investment in additional refining plant would be 
justified. Local utilisation of the cake and export of the crude oil would appear 
to be a more logical method of dealing with the problem. 

Conclusion. 

It may be taken for granted that, with the successful introduction of the 
‘ Hyderabad ’ cottonseed defibrating machine, the preparation of a whole range of 
new and interesting cottonseed products and by-products, in addition to those 
described above, has become possible and a certain amount of publicity work will 
be necessary to bring the same to the notice of the public. It will also take some 
time to secure public interest, so that immediate results can scarcely be expected. 
The commercial success or otherwise of defibration will depend upon the ultimate 
public response and the strength of their demand for such products. If the pur¬ 
chasing public want cottonseed products of this nature, and are prepared to pay 
the cost of their preparation, ample supplies will doubtless soon become available. 
As far as the writer is aware, the ‘ Hyderabad ’ cottonseed dofibrating machine is 
the only machine, on the market, capable of effecting the complete defibration of 
cottonseed. Other so-called defibrating machines arc on the nftrket, but as these 
apparently only remove about 50 per cent, of the adhering fibre, they should be 
classed as ‘ Delinters and may be ruled out of account in any serious consideration 
of the defibration problem. 

In the meantime, the subject of cottonseed defibration is worthy of considera¬ 
tion by all, who are in any way interested in agricultural problems. There are 
still many problems connected with the economic utilisation of tho products of 
defibration, which required to be investigated, and the assistance of all who are in' 
a position to help in their solution will bo welcomed by the writer, who, having 
severed his connection with Hyderabad State, is no longer in a position to call upon 
their well-equipped Industrial Laboratory for the necessary chemical and other 
assistance. 


(To be continued.) 
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Introduction. 

One of the main branches of work in the improvement of the agrioulture of a 
oountry lies in increasing its agricultural produce. This can bo achievod to a 
remarkable extent by a careful regard of soil nunagemont and other cultural 
methods. But when all the possibilities in this direotioo have been exhausted, 
further improvement can be mado only by increasing the “ potentialities ” of the 
plant. Plant-breeding has done much in increasing such potentialities by produc¬ 
ing crops superior to those existing before. One of the factors contributing to Buch 
a superiority is the quality of resistance in plants against diseases. It is obvious 
that disease resistance alone may, in many cases, be responsible for the increased 
yields, beoause, when a crop is healthy, there is every hope of its proving superior 
to one that is prona to disease. Hence breeding for disease resistance should bo an 
„ important item in all programmes for orop improvement. 

General considerations. 

A knowledge of-prevalence of diseases in plants, their causes and their distribu¬ 
tion, as well as some other salient features about them, is prerequisite to a sound 
understanding of breeding resistant varieties. Hence some space can profitably be 
devoted to these general considerations before other points connected with the 
problem of breeding for disease resistance are discussed. Moreover, 
production of disease-resistant varieties is the last method that man has come upon 
in the evolutionary sequence, hence a review of what diseases in plants have 
meant to man, and what the latter has been able to do to prevent their severity, 
will help a plant-breeder a great deal to have an intelligent grasp of the problems.. 

Universality of plant diseases. —The first point of importance in this -connection 
is the universality of plant diseases. Perhaps no plant species, whether cultivated 
or wild, is free from diseases. There are variations in the intensity of disease from 
which the different species suffer. Even within a species it is possible to separate 
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oat varieties which may be classed as resistant or susceptible to a particular disease. 
Bat the existence of a variety immune to all the diseases is very unlikely, if not 
impossible. 

Causes of disease .—The disease is due either to interference in the fulfilment 
of plant's requirements (physiological), or to the attack of somo pest, fungal 
or insect (parasitic), or to the action of what is known as the “ virus The virus 
diseases have not been traoed to any causative organism. But as they are of the 
nature of infectious diseases, as proved by injection experiments, it is supposed 
that they are due to mioro-organisms too small to bo detected by tho micros¬ 
cope. 

Man and plant diseases. —Further, tho knowledge of diseases in crop plants is of 
great antiquity. Ever since man began to till the soil—even before that—he has been 
conscious of diseases. Many ancient writings deal with accounts of such diseases. 
With an obstinacy hard to understand, man used to consider the diseases as visita¬ 
tions of Providence. No rational oontrol methods were devised because the cause 
was not known. It was only when De Bary in 1853 definitely established facts 
about parasitism in fungi that new impetus to researches on crop diseases was 
given, and great strides in the right direction made. 

With the cultivation of crops man unwittingly helped the pests also by favour¬ 
ing their perpetuation and dissemination. By growing the crop for his own use 
under conditions which differ from those found in the wild state, man has not only 
weakened the resistance of plants to some of the adverse conditions but also has 
increased the chances for the Bpread of the disease. It is inconceivable to picture 
rust epidemics in wheat had the latter been allowed to grow only in the form of 
isolated individuals as in the wild state. 

Plant interchange and disease resistance .—As in any other branch of civiliza¬ 
tion, improvement in agriculture has also involved interchanges of crops from one 
place to another. If these interchanges had been done with more foresight and 
under the best of knowledge in possession of man, much harm to agriculture would 
have been prevented. This knowledge has to do with the effect of change of loca¬ 
tion not only on the physiological adaptation of the crop to the new conditions but 
also on its relation to its parasites. When a crop has been grown for a long time 
in a oertain locality, it iB likely to evolve certain strains resistant to the adverse 
conditions prevailing in that locality. These strains are, therefore, in a sort of 
equilibrium with the elements of nature and are, on this account, best adapted to 
their native places. Introduction of these to new places is likely to disturb this 
equilibrium, and maladies may appear, v\ hick may be caused by the plant not 
meeting its fall requirements as regards soil, moisture, temperature, etc., or by its 
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encountering parasites to which it is susceptible. The converse of the latter may 
also occur, and the parasite may spread with its host to a related susoeptible host 
in another country. Suoh situations oan be met by developing new varieties by 
hybridization with resistant forms from abroad if suitable forms are not available 
locally. 

Prevention of diseases. 

I. By control measures .—So far we have been considering the prevalanoe of 
plant diseases and how far man has been responsible for their spread. Attention 
may now be turned to what has been done to protect the orops from diseases. 
While investigations into the causes of diseases were actively going on and the 
causative organisms described and classified, very little was being done to 
devise control and reduce the devastations caused by diseases. It was only when 
Kuhn advocated the practioe of seed disinfection by copper sulphate, and Millardet 
in 1878 discovered the Bordeaux mixture for spraying, that the ravages of some of 
the pests were reduced. Such methods of control had difficulty in finding favour 
with the cultivator. For, besides imposing an annual tax on the cultivator in the 
form of costs for the fungicides and their spraying, they have not been much en¬ 
couraged by the governments, although people in support of them would often cite 
the example of legislations for plant disease control in France, U. S. A. and other 
states. Though control measures occupy quite an important place in the field of 
agricultural operations, they are not always the best. They, for example, provide 
little safety against many root diseases and against virus diseases (suoh as the 
sugarcane mosaic). In the former case, even the incorporation of the fungicides into 
the soil is not of much avail, as that might, besides killing the parasite, annihilate 
other soil inhabitants, which might otherwise prove useful in maintaining soil 
fertility by their micro-organic activities. It is true that the ravages in such cases 
oan be reduced considerably by proper rotation and clean cultivation, but it 
is not always possible to do that. Especially in a oountry like India, where a 
system of small holdings prevails, it is difficult to have a rotation which will allow 
crops to evade soil parasites. He farmer cannot afford to have such a rotation. 
Moreover, the crop of a careless and ignorant cultivator will be a great source 
of infection (if it is diseased) to the surrounding orops of his neighbours, whose 
efforts towards a proper rotation will, therefore, be useless. In such oases disease- 
resistant varieties are the only hopes of the cultivator. 

II. By breeding disease-resistant varieties .—From the above faots the role of 
resistant varieties in agricultural economy will be evident. Their use was first 
suggested by Knight in 1815. Prevention is always better than oure—and that is 
saying a’great deal in favour of the resistant varieties/ It is apparent that their 
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use eliminates the necessity of other control methods, and is on this aooount the 
most economical of protective measures. This method is becoming increasingly 
popular, and the good results it has yielded with all sorts of crops may be one of 
the reasons of its popularity. 

Plant disease a heavy tax. 

At this step it may be pertinent to emphasize the importance of preventing 
diseases in plants, or at least mitigating the havoc caused by them, before the 
method of breeding for disease resistance is explained. Russel has estimated that 
Great Britain suffers a loss of not loss than £15,000.000 to £20,000,000 a year by 
diseases caused by plant pests [Martin, 1928], and Butler [1906], making a modest 
computation, claims for the wheat rusts a damage of four crores of rupees annually 
in India. 

Mendelism and disease resistance. 

The stimulus brought into the field of the study of genetics by the discovery 
of Mendel’s memorable results on hybridization in peas raised the work of breeding 
to a rational and systematic basis, and when the study of heredity was based on 
the idea of segregation and re-combination of hereditary units, attention was directed 
towards the phenomenon of disease resistance in order to discover whether this 
property also behaved like other characters in heredity. Work on these lines 
established the fact that in most cases it is a property which follows the Mendelian 
laws of heredity, sometimes resistance being dominant and sometimes recessive, 
and that, like other characters, it was possible to ‘ fix ’ the resistance in a variety. 

Breeding disease-resistant plants. 

Breeding of disease-resistant plants is of reoent origin, although ideas about it 
had been formulating in the minds of some much earlier. During the last few 
years hybridization has been coming more and more into prominence. One reason 
is that the production of disease-resistant plants is not very difficult. Suoh plants 
exist everywhere in Nature, and our duty is to disoover them. Like any other 
easily reoognised morphological character, plants show variation in disease resis¬ 
tance as well. Hence the prime necessity consists in our ability to detect disease- 
resistant plants rather than in their existence in Nature. When a suitable variety 
possessing resistanoe has been found, it should be used as one of the parents to 
cross with other oommeroial varieties. 

As disease resistanoe behaves in general like other morphologioal characters, 
breeding for resistanoe does not require any special mode of procedure. The 
breeder should, however, be familiar with the oause of the disease, and, if it is 
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parasitic, with the life-history of the parasite, especially, its mode of infection. 
Then the populations of the various generations should be subjected to ample 
infection and inheritance for resistance studied. 

Numerous breeding experiments for disease resistance have been made in 
various crops, but as none has engaged greater attention than the cereal rusts, it will 
be best to describe the results of some of these, and to view them in order to 
discover the main problems that would confront one working on the lines described 
in the experiments, and to gauge the possibilities of success in the desired direction. 

Breeding of wheats resistant to rust. 

Physiologic specialization in Puccinia graminis tritioi.— Of first importance 
among the wheat rusts is the black stem rust, caused by Puoeinia graminis tritioi 
Erik, and Henn. Numerous crosses were made formerly between the different 
varieties of wheat in order to produoe a wheat resistant to this fungus, but as 
little was known about the inheritance of disease resistance, no marked success 
was attained. Moreover, resistance was found to vary fiom place to place, so 
that a belief in the instability in resistance beet;me prevalent, till the useful work 
of Stakman [1922] and others showed that the fungus did not exist in one single 
form, but in several biologic forms, all showing variations as. regards virulence 
towards a particular host variety. This placed the hybridization experiments on a 
more systematic basis, and to this is due the existence of several rust-resistant 
commercial wheat varieties today. Sixty-two biologic forms of P. graminis tritici 
are recognized today. Now a variety should be resistant to a great number of 
these forms before it can be recommended for the field. With such a huge number 
of biologic forms, breeding of a variety of wheat that would be resistaht to all of 
them would become a remotest possibility if each different form had its own speci¬ 
fic reaction towards a particular host variety. But as the reaction of a wheat 
variety towards a number of biologic foims of the rust may be controlled by a 
single factor, for the practical purposes of the breeder they can be considered as 
one. For example, in Kanred wheat tho resistance towards eleven of these forms 
is governed by one factor only. Hence all these eleven forms can be considered as 
one so far as the Kanred wheat is concerned. This would, therefore, bring the 
creation of resistant varieties within more encouraging limits. 

Some results achieved in other countries may here be described. In order to 
transmit the immunity of Kanred (a winter wheat pioduced at the Kansas Experi¬ 
ment Station) to Marquis (a spring wheat), Aamodt [1923] orossed these two varie¬ 
ties. The F, generation was grown in the field under an artificial epidemic produc¬ 
ed by spraying the seedlings with uredospores of several different biologio forms. 
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The result was that the population showed as great a susceptibility as the suscepti¬ 
ble parent itself. This was due to the masking of segregation for resistance and 
susceptibility on aooount of the action of the biologic forms to some of whioh 
Marquis was susoeptible and to the others the Earned. Hence, under a general 
epidemio, it is impossible to find out how segregation is going on as regards 
a particular form. This can be ascertained only by separately infecting 
the population under controlled conditions with single known forms. Following 
this procedure, Aamodt found that the hybrids were either resistant or 
susoeptible, no intermediate forms appearing. The susoeptible forms were 
eliminated and the selections for the desired characters made in the field 
with the various F s families. The segregation for resistance and suscepti¬ 
bility towards a particular biologic form was found to be very simple. It was 
moreover found that resistance and susceptibility to several forms may be carried 
either in a single genetio factor, or in different factors linked in the process of 
segregation. Numerous F 3 selections were obtained which combined the spring 
oharaoters of Marquis with resistance to all the biologic forms from whioh Earned 
was also immune. This further emphasizes the fact that very desirable characters 
oan be combined in a variety. 

The following pedigree of one of the orosses by Aamodt [1927] will show the 
extent of effort resorted to in order to synthetically produce a variety with recom¬ 
binations of rust resistance: 

1. Marquis 

2. Iumillo 
Marquis 

3. Earned 
Marquis 

[-7. Hybrid 1, 44. J 

4. Vernal J 

Thus, here, eight different varieties have taken part in the scheme. 

Hayes and Aamodt [1923] have also carried out work on these lines. They 
crossed Eota and Marquis wheats and tried to find out whether it was possible to 
produce a variety resistant to two biologic forms which reacted reciprocally with 
the two parents. The two biologic forms of rust were designated as Forms XIX 
and XXVII. They found that out of a total of 372 F 3 families three proved to be 
immune to Form XXVII and resistant to Form XIX, and four families were 
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resistant to both. From these facts they are justified in stating that “ from the 
standpoint of genetios the facts give reason for the belief that a wheat variety can 
be produoed which will be resistant to all the biologic forms of rust 

In this connection it may be mentioned that experiments as those described 
above may open up interesting fields of genetio inquiry, and unless the breeder has 
a sound knowledge of theory, practical results may be long in coming, or may not 
oome at all. Questions such as the following may crop up—How many pairs of 
factors are involved for resistance or susceptibility ? Whether these factors are 
linked with factors for other agronomic characters or not ? Does any correlation 
exist between the characters concerned ? Is it possible to analyse the results by 
such correlations (if any exist) ? — and so on. The breeder should be well equip¬ 
ped intellectually to answer such questions. 

Some obstacles. 

Above has been mentioned the difficulty encountered in breeding for disease 
resistance caused by the existence of the parasites in several physiologic forms. 
Besides complicating breeding work, this specialization has resulted in making the 
problem of breeding for resistance looal. The discovery of different biologic forms 
has, however, helped in explaining some of the aberrant results in breeding Thus 
the Btrain of Hussar wheat produced by Leighty was resistant to smut in America 
but when grown in Germany it was found to be quite susoeptible [Leighty, 1927]. 
The host variety was not responsible for this apparent freak but the fungus, the 
German form being different from the Amerioan. Similarly, if the Indian K athia 
wheat of Cawnpore has proved resistant to orange rust (Puocima tritioina) in the 
United States [Butler, 1906], it is perhaps beoause this wheat has not yetHhad the 
misfortune to come across rust forms suited to it. 

But the trouble does not end here. A worse feature of the situation is caused 
by the fact that new physiologio forms of the fungus may be created from time to 
time. The two important working agenoies in this direction are (a) hybridization 
and (6) mutation. 

Hybridization .—Hybridization in fungi is quite common. It takes place either 
by the union of plus and minus strains, or by the fusion of anastomosing hyphse. 
The former method was first discovered by Blakeslee in MuoOr. Later, other 
workers found the presence of sexual strains in other fungi. More recent still is the 
important work of Craigie [1927] who has discovered heterothallism in rust fungi. 
The discovery has oleared away all frail hypotheses and guesses connected with the 
role of pyonidia (spermatia) in rust fungi, and removed all obscurity connected with 
the life-cycle of these fungi, especially Puooinia graminis tritid. The possibi* 
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Fig. 


1. Photcsraph of Peln Disf with a culture of Hclmtntlemporium nodulcwm Boh et Cuit throwing out imiian (Sa'tantojin 
the form of sectors. Three stclois have appeand, two daiktr in colour than the parent and one h*.f ter. 



Fig 2, Linseed cultures at Pusa. Some of these have keen selected foi their resistance to the flax wilt caused by Fusarium Lmi. 
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Hty of the production of new fonoB By fasten of cells in pycnidia Jjas been experi¬ 
mentally demonstrated by Stakman and others [i960] with the help of the techni¬ 
que evolved by Craigie, and very interesting results are being found. 

Hybridization in fungi may take place without the intervention of the sexual 
stage, viz., by the fusion of hyphal cells. Stevens [1922], Drechsler [1923] and 
Christensen [1926] have observed such fusions in Helminthosporium. Tisdale even 
attributed the sudden susceptibility to smut in the case of milo (which was not 
previously known to be attacked by the fungus to suoh a fusion between two 
speoies of the fungus (viz., Sphacelotheca Sorghi and S. cruenta), and the consequent 
production of the highly pathogenic form [Leighty, 1927], 

Mutation .—Mutations are quite common in fungi, and frequently ooour in 
culture media. Sometimes they are very numerous and are widely different from 
the original fungus. They arise as variations from parts of mycelium and appear 
generally in the form of sectors when the fungus is grown in Petri dishes (Plate 
XXXVIII, fig. 1). Several investigators have succeeded in inducing mutation by 
environmental changes. What is of great importance in these mutations is that, 
besides differing in cultural characters from their parental forms, they may even 
differ in virulence. Such a mutation in virulence may be quite common in Nature. 
This may limit the resistance of a resistant variety only to a limited space of time, 
which may become a matter of ohance. The physiologic forms of different fungi may 
behave differently as regards mutation. While there is evidence to show that the 
physiologic forms of rust do not mutate commonly [Stakman el al, 1918, 1, 2], those 
of other fungi may mutate quite readily [Christensen, 1926; Stevens, 1922]. 

Mature plant resistance .—Another stumbling blook in the way of produc¬ 
tion of resistant wheat varieties is the phenomenon known as ‘mature plant 
resistance’ recently observed at the Minnesota Experiment Station [Goulden, 
1929]. It was observed that several varieties of wheat were susceptible 
to the infection in the seedling stage but resistant at the time of heading. It is 
dear, therefore, that observations for rust resistance should not be confined to the 
seedling plants as has been done hitherto but continued up to the mature stage. 
This peculiarity of mature plant resistance may cause segregation in the field to 
differ' from segregation in the seedlings, and rhis would upset experiments in which 
varieties possessing this character are used for crossing. Tet another difficulty is 
that mature plant resistance has been found to be associated with other undesirable \ 
characters. It, therefore, gives rise to the question whether the linkage in such cases 
is perfeot, and whether it is possible to separate the two characters. Only experi¬ 
ments would reveal the possibilities. Whether this mature resistance is possessed by 
other groups of plants remains to be investigated. It is quite likely, that the 

3 a 2 
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phenomenon isjiniversal, in which case breeding with other crops will also involve 
the same difficulties as appear in wheat. 

t Tet another obstacle is that caused by the muoh too common incompatibility 
exhibited by wild forms when crossed with cultivated forms. The former, for reason 
of their hardy and resistant characters, will always be sought by the plant-breeder, 
but as they stand apart frem cultivated forms in taxonomic classification in many 
oases, a sort of limit is imposed upon their orossability with the other. Cytological 
investigations have sought to explain the infertility on the basis of chromosome 
numbers, but there soem to be other determining factors also. Besides this 
drawbaok, wild forms have often been found to impart undesirable qualities to the 
cultivated forms. Sometimes resistance is strongly linked with such qualities, in 
whioh case resistance will be dearly bought. 

A vast amount of literature is available on work done on rust and smut 
resistance in wheat and other coreals. It is not possible to mention them here, but 
they do not differ in any essential points from the experiments described above. 
While a procedure as that described for wheat rusts is sufficient to indicate the 
general lines on which such work should be carried out, different crops may require 
different treatments, and the intelligence of the breeder should be ready to evolve 
suitable methods. 

Selection. 

The emphasis given to hybridization in the above paragraphs should not lead 
one to suppose that disease-resistant varieties oan be produced only that way, i.e., 
by the synthetic incorporation of usoful qualities in a particular variety. Selection 
is also a very efficient means of breeding resistant plants. It has given useful results 
even in the hands of farmers, unacquainted with the technicalities of the science 
of plant-breeding. The selection should be started with resistant individuals. The 
disease-causing organism should be supplied with ideal conditions in order to cause 
maximum harm to the strains to be tested, and selection of promising plants should 
be continued year after year. Ample chances for infection should be given, other¬ 
wise a really susceptible variety may give false indications of being resistant. Some 
of the improved varieties of ootton have been produced in this way by the United 
States Department of Agriculture. 

Wilt resistance in flax .—Tisdale [1917, 2] has experimented with flax wilt 
(caused by Fusarirm Lini) on these lines. His work shows that the - resistance is 
conditioned by multiple factors, henoe the crop can be improved by long-continued 
selection for wilt resistance. The resistance does not develop due to a result of the 
constant association of the host and the parasite (as once believed), but is due to 
isolation of resistant strains from susoeptible ones. 
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An interesting faot discovered in this connection is the relation that has been 
observed by Tisdale [1917, 1] to exist between the temperature and the incidence 
of wilt. High temperature induces wilt even in resistant strains. Low tempera¬ 
ture likewise inhibits wilt to a certain extent. As early-sown crop is less subjected 
to high temperatures in the seedling stage than that sown late, the part played 
by time of sowing in giving indications of resistance or susceptibility should be 
kept in mind, otherwise the results are likely to be vitiated. 

Some achievements. 

The difficulties mentioned above are not small; yet the results in the past 
have been very encouraging. They Bhow that the production of disease-resistant 
varieties is quite practicable. Among the achievements, Biffen’s [1926] work on 
resistance in wheats to yellow rust, Orton’s [1908] production of wilt-resistant, 
edible water melon, and the creation of Kanred and Hope wheats are of outstanding 
merit. Wilt in flax and cotton has often proved the limiting factor in the culti¬ 
vation of these crops. Their cultivation with assurance has been made possible by 
breeding of resistant varieties by the North Dakota and Minnesota Experimental 
Stations in the United States. Cabbage yellows (caused by Fnsarium Conglutinans) 
has similarly been controlled by the use of resistant varieties selected at Wisconsin. 

Even with the small amount ot work done on disease resistance in India, 
promising results have been obtained in some crops. Thus one of the Kumpta 
cottons of Bombay has a high wilt resistance. Some sugarcane varieties bred at 
Coimbatore are very resistant to diseases. A jute variety, resistant to the very 
common chlorosis found in this plant, has been obtained in Bengal. Some of the 
wheats bred at the Imperial Institute of Agricultural Research, Pusa, are remark¬ 
able for their high degree of rust resistance. A wilt-resistant variety of gram has 
been selected, and it can be grown in disease-infested fields of Burma, which had 
oome to be known as the “ graveyard of gram”. At Pusa a pure-line type of 
pigeon pea resistant to wilt has been isolated [Review of Agricultural Operations 
in India, 1926-27]. Here also a heavy-yielding type of barley (called Barley Type 
21) has been produced whioh is remarkably resistant to the attacks of Helminthos- 
porium sativum [Bose, 1931], Perhaps the heavy-yielding oapaoity in this case is to 
B|me extent due to disease resistance. Similar remarks apply to some linseed 
varieties bred at Pusa (Plate XXXVIII, fig 2). 

Breeding with reference to different crops. - • 

The most important breeding work for disease resistance has been done with the 
cereals. As they are annuals the problem is greatly simplified, but with perennials 
the problem is more difficult, especially with fruit trees,where the great amount of 
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time required for studying the various generations greatly limits the scope for work. 
Still results of great importance should be looked forward to in the future with fruit 
trees, as they constitute man’s one of the most cherished possessions. 

Nature ok disease resistance. 

The question why one variety of a certain orop is susoeptible and another resis¬ 
tant to a particular disease occurs naturally to one trying to secure disease resis¬ 
tance. Is it due to morphological or physiologioal oauses? What is, in other words, 
the nature of disease resistance? It is evident that a knowledge of the factors govern¬ 
ing resistance will prove useful in forming a basis from which to view comprehen¬ 
sively the experiments for resistance. The problem is, however, an immense field, 
and a great deal of work has been done in this oonneotion. The results obtained 
by various workers are diverse, and it seems that the nature of disease resistance, 
while very obscure in some cases, can be definitely asoribed to some morphological 
or physiologioal features of the hosts in others. For example, resistance may be 
governed by the presence of hairs or waxy ooating on the epidermis of the host; 
the formation of cork or some toxic substances by the host after the penetration 
has oocurred; the acidity of the cell sap; stomatal movement; or by any modifica¬ 
tion of the host tissues; or by their hypersensitiveness, bringing about the isola¬ 
tion of the fungus and thus killing it. While a great number of such cases can be 
reviewed, there are instances where no such factor is accountable for resistance, 
and in such oases resistance must be entirely bound up with the protoplasm. , 

The nature of disease resistance is thus in many cases obsoure and very diffi¬ 
cult to find out, hence, though facts throwing light on it may be very interesting 
and important from a purely scientific point of view, for all practical purposes it 
should not deter one from one’s work. One should try to find out if resistance is 
correlated with any easily recognizable morphological character, and if there is 
any such correlation, with its help one can proceed with the work, without prob¬ 
ing into the mysteries of the nature of disease resistance. 

Disease resistance against other agencies. 

This essay has dealt mostly with disease resistance in plants against fungi. 
But the conditions and methods can be applied to insects as well. In the case o| 
physiologioal diseases the basis of disease resistance should be sought for in a 
better adaption of the varieties to a particular set of soil and climatic conditions. 

A WORD OF CAUTION. 

Disease resistance is an elastic term. A great amount of modification can be 
induced in disease resistance by changes in environmental conditions. Disease 
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may appear in spite of the resistant variety. That a great deal of relation exists 
between the host, parasite and the external conditions can be fully appreciated by 
the perusal of the work done by Jones [1926] and others in Wisconsin. Especially 
should this relationship be kept in mind while conducting the experiment. 
Greatly favourable conditions may considerably increase the susceptibility and 
obliterate the faotors for resistance. Similarly, if the variety under trial is not 
rigorously subjected to infection, the result will be a false appearance of resistance 
in really susceptible strains. 


Summary and conclusion. 

From the above it is apparent that the production of resistant varieties is an 
important means of improving the agricultural Btatus of a country. It may be stated 
that resistance is a quality which follows inheritance along Mendelian lines, and 
that advantage can be taken of this quality for producing disease-resistant forms 
by hybridization or selection. The work is, however, complicated by the existence 
of the pathogenes in various physiologic forms which, besides differing in patho¬ 
genic capacities, may give rise to new forms by hybridization and mutation. This 
has resulted in many cases in making the problem of breeding for resistance local, 
and has also limited the time during which a bred variety may be resistant. But 
as it is possible by hybridization to combine the resistance against several forms 
in a particular commercial variety, and as new forms may take considerable time to 
appear the disadvantages under which a breeder has to work may be amply repaid 
by the results obtained. 

In this connection it may be mentioned that for a successful issue in breeding 
for disease resistance is required the co-operation of a number of workers. Disease 
resistance is as much concerned with the host as with the pathogene. Hence 
the knowledge of the one is as much essential as the knowledge of the other. The 
plant-breeder will try to know all about his varieties, their genetic constitution, 
and the number of pure lines in which they exist, and so on, without, in a great 
number of cases, considering whether the fungus, whoso effect he is studying, is a 
single pure line or a complex of various strains. He will most likely consider it a 
single physiologic entity. Hence, alone he is somewhat unequal to the task of 
breeding resistant varieties intelligently. The same can be said about a pathologist, 
as his acquaintance with Mendelism is apt to be sparse on account of the nature of 
the problems he has usually to tackle. Hence the necessity of the co-operation of 
a geneticist and a pathologist in disease resistance studies. A physiologist should 
also prove of use, but an ideal research worker would be one who combined all these 
branohes of knowledge within himself. This is an age of intensive specialization in 
all branohes of studies, henoe such a union of qualifications in a single individual is 
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somewhat rare. This is perhaps the great reason why muoh work in breeding 
disease-resistant varieties has not been done in so many parts of the world. Per¬ 
haps the most valuable work has been done at the Minnesota Agricultural Experi¬ 
ment Station in the United States. A dozen years of work have produced very 
valuable results, and there is no reason why other countries should not take a lead 
in this direction. 
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A STATISTICAL NOTE. 

BY 
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Statistical Assistant , Lyallpur . 

The results of Sowing Date Experiment with Punjab-Ameriean Cottons for the 
years 1926-29 have already been published [Trought. 1930]. The present note 
deals with the data obtained during 1930. As these results apparently differ from 
the results already published, no apology is needed for their publication. 

The lay-out of the 1930 experiment was designed to permit of the use of Fishers’ 
Analysis of Variance in the statistical examination of results and was decided upon 
in consultation with Bh. Balmokand, Assistant Prolessor of Physics, Punjab 
Agricultural College, Lyallpur. 

The two types of cotton used were 4 F and “ Early Strain M . The plan of sow¬ 
ing was as shown in Fig. I (page 635). The area of each bed was 0 023 acres. 
The aotual yield in lbs. of seed cotton of individual beds is also shown in Fig. I and 
the yields in maunds per acre are shown in Table I. 

The dates of sowing were as follows :— 

1st sowing—-24th March. 

2nd sowing—1st May. 

3rd sowing—9th June. 

When compared with the results and the recommendations already published for 
the 4 F variety only, the results in Table I superficially completely contradiot the 

( 631 ) 
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earlier results. But on examination, this apparent oontradiction can be explained 
, satisfactorily, and supports the earlier recommendations. 

The probable reasons underlying the advantages gained by later sowing of 4 F 
were discussed and are repeated here briefly as follows:— 

(1) The environmental conditions in May and early June can be so severe 

as to cause serious detriment to the plant’s later development. By 
sowing in June this severe period is avoided. 

(2) There is usually a gradual amelioration of climatic conditions (lower tem¬ 

peratures and higher humidities) at Lyallpur from about the middle 
of June due to the commencement of the Monsoon in other parts of 
the Province. Thus the June-sown cottons do not suffer the severe 
checks to development which the earlier-sown cottons would be ex¬ 
pected to suffer. 

(3) The June-sown cotton dowers later and thus partially or completely 

avoids the period of non-dehiscenoe of anthers. This is of distinct 
advantage to the plant. 

(4) The majority of small zemindars sow their cotton after wheat, and by 

Bowing late, time is available for preparation of the land before sow¬ 
ing and also, owing to small size of plants during July and early 
August, inter-cultivation can be more easily undertaken during the 
rainy period. 

(5) The late-sown cotton has a greater rate of growth and an increased flower 

and boll production. 

For these reasons a sowing date later than what is at present accepted as the 
normal was recommended, and it was suggested that early June should be consi¬ 
dered as the optimum time for sowing cotton. 

If the 1930 crop season be considered, it is found that the severity of climate 
during May, the deleterious effects of which the later sowings are expected to avoid, 
was almost totally absent. Both the maximum and minimum temperatures were 
below that of 1929. The absolute maximum temperature was 109‘6 ° F. The relative 
humidity was, however, the same as in 1929. The rainfall during this month and 
the number of rainy days was above normal, while there were no dust-storms at 
all. In fact the whole cotton season of 1930 was much milder than that of 1929. 
This faot may be reflected in the considerably greater percentage of anther dehi- 
soenoe which ooourred in July and August 1930 compared with the 1929 percentage 
for the same months. 
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Later oh during the 1930 season, White Fly and Jassids (Empoasm devastates) 
attacked the orop. The attack of Jassids was abnormally severe and this adversely 
affected the later sowings more than the earlier sowings. 

The conditions therefore (whioh must be considered as normal conditions) 
under which later sowings are advisable being absent during 1930, the crop’s res¬ 
ponse to the variable under examination, namely, the date of sowing,- naturally 
differed. The experiment, however, shows that the reasons underlying the recom¬ 
mendations for later sowings are probably correct and that later sowings could be 
safely undertaken in normal years. Abnormally severe years or abnormally mild 
years as regards climate will always upset the results of normal agricultural practice 
and this must be expected. The normal practice of early May sowing in an abnor¬ 
mally severe year results in failure due to bad boll opening, whereas the observa¬ 
tions have shown that in these abnormal years where, for any reason, sowings have 
been done later, the yield is reasonable and bad boll opening reduced. Normal 
agricultural praotice is a balancing of probabilities which have been learned by 
experience and experiment, and is designed to meet these probabilities. The pro¬ 
bability of an intemperate heat and low humidity in May is great. 

But, if by an improvement in meteorological forecasting, it were possible to 
provide information in, say, early April that there was a reasonable probability of 
a cool May in any year, for that year an alteration in practice would be possible 
and earlier sowings safely undertaken. 

Turning now to the Early Strain figures, it will be noticed that the yields of the 
Early Strain are considerably above those of 4 F, and that the difference is statisti¬ 
cally significant. The difference in yield between the first two sowings, is not 
significant, but the latest sowing shows a significant decrease in yield. The sowing 
date effect is the same therefore for the Early Strain as for 4 F. The remarks 
above, therefore re, 4 F would apply fan passu to the Early Strain. As this, however, 
is the first time that the Early Strain has been experimented with in a Sowing Date 
Experiment, it is impossible to generalise in respect of this variety. There are 
marked differences between 4F and Early Strain, both morphologically and 
physiologically, and it is quite possible that in a normal year 4F and Early 
Strain would show differences in their responses to diffent sowing dates. 

It will be noticed from Table I that the yields are high. It may be said, in fact, 
that the year 1930 was good climatically for cotton. The average yield on the 
Lyallpur Agricultural Farm for 4 F was 116 maunds per acre and for 289 F at the 
British Cotton Growing Association Farm, Khanewal, 117 maunds per acre. A 
reference to Table I in “ A Study of Causes Contributing to the Large Variations 
in Yields from year to year of 4 F Cotton in the Punjab ” (Trought, 1931) shows that 
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these yields are well up to average in spite of the severe attack of insect pests. 
It may, therefore, be argued that the reversal of results obtained in 1930 with 4 F 
is not so much due to deoreased yields from later sowings as to increased yields 
from earlier sowings owing to the absence of those checks to the crop’s development 
and growth whiob would normally occur during May and in consequence its greater 
power of resistance to insect pests later. The advantages of an aceurate forecast 
of May temparatures are obvious. 


Summary. 

The results of the 1930 Sowing Date Experiment differ from those of previous 
years. This is attributed to the particularly mild season and it is shown that these 
results support the arguments previously advanced in favour of later sowings in 
noimal or Bevere seasons. 
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Table I. 


Tabulated yields of the Sowing Date Experiment, Lyallpur, 1930. 


Variety 

I Picking 
27th, 28th 
October 1830 

II Piaking 
26th, 26th 
November 1030 

l 

III Picking 
10th January 
1931 

Total of all 
picks 

Yield in 
maund8 
acre 


lb*. 

lbs. 

lbe. 

lbs. 


Early Strain I Sow . 

1,241 0 

124 15 

27 3 

1,893 2 

16*95 

4 FI Sow 

648 12 

446 10 

38 1 

1,130 7 

18*75 

Early Strain II Sow . 

1,120 8 

255 5 

39 15 

1,425 12 

17*35 

4 FII Sow 

884 0 

658 0 

130 7 

1,072 7 

13*05 

Early Strain HI Sow 

.. 

432 15 

146 12 

579 11 

7*05 

4 F in Sow . 

•• 

461 15 

168 6 

625 5 

7*60 
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PLAN OF SOWING DATE EXPERIMENT 1930 
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STATISTICAL NOTE ON THE SOWING DATE EXPERIMENT AT LYALL- 

PUR, 1930. 

The plot of land was divided into 6 blocks of 3 patches, each of whioh was 
sub-divided into 2 beds in one of which 4 P was sown and in the other the Early 
Strain. The lay-out therefore admits of the analysis of varianoe as applied to 
randomised blocks. The table below gives the results of the analysis:— 


Analysis of Varianoe. 


Varianoe due to 

Degrees of 
freedom 

Sum of 
squares 

Mean Square 

4 log® 

(Mean Square) 

filooks. 

5 

426-24 

85*25 

2-2228 

* Treatments 

2 

1,689*80 

844*65 

8*8694 

Between patches having the 
same treatments. 

10 

424*71 

42*47 

18744 

Varieties 

1 

289*04 

239*04 

2*7882 

Differential response of the 
different treatments. 

2 

196 27 

98*14 

2*2931 

Differential response in patches 
having the same treatment. 

15 

29614 

19*74 

1*4912 

Total 

85 

8,271*70 

... 

... 


* Three dates of sowing, namely 24th March, 1st May and 9th .Tune. 


Some outstanding conclusions from the above analysis are 

(1) Irrespective of sowing date differences, the Early Strain gives a significantly 
higher yield than 4 F—(Difference of 2 5 maunds per acre)—(Z=1*056, but the 5 
per oent. value is only 0*7466). 

(2) Both in 4 P and in Early Strain the sowing date differences cause a signi¬ 
ficant variation in yield, t.e., the effect of treatment is statistically significant. (Z= 
1*495 and the 5 per cent, value is only 0*7058.) This significance holds also for the 
1 per oent. level. Por n x ==2 and n a =10, the 1 per cent, point is only 1*0114. 

(3) Testing for significance of differential response of the varieties to the sowing 
date differences, the Z-test again shows significance. (Z=0'8019 and the 5 per 
cent, point is 0*6318.) But the nature of the differences are the same both in 4 F 
and in Early Strain, viz., the 1st and 2nd sowings are in both cases significantly 















EXPERIMENT WITH PtJNJAB-AMKBICAN COTTONS AT LYAIXPUR 4s7 

higher yielding than the 3rd sowing, while between the 1st and 2nd sowings there is 
no significant difference (see Table below). However, in the case of Early Strain 
the differences are of a significantly higher order than in 4 F. 


Yield tn lbs. (Totals of 6 plots of •023 acres each.) 


Variety 

I Sow 

(24th Ktroh) 

II Sow 
(let May) 

^ III Sow 
(9th June) 

Mean 

S. E. 

4 F .... 

156*2 

134*7 

86*3 

! 

125*7 

14‘2* 

Early Strain .... 

192*5 

196*9 

80*2 

166*5 



* For totals of 6 plots. 
















THE USE OF SULPHUR IN THE CONTROL OF RED-LEAF 

BLIGHT. 

BY 

G. L. KOTTUR, M. Ag., 

Cotton-Breeder, Southern Marafha Country, Dkarwar, 

AND 

S. S. MARALIHALLI, B. Ag., 

Assistant Cotton-Breeder, Dharwar. 

I. Intboduotion. 

In the Kumpta-Dharwar area of the Bombay Presidency, Dharwar-American 
cotton suffers from a leaf-disease which is commonly known as red-leaf blight. 
The disease is very serious in Belgaum and Bijapur districts and the cultivation of 
American types is, for this reason, unsuccessful in these districts. Conditions, how¬ 
ever, are favourable in Dharwar, particularly in the eastern talukas. The blight, 
here, appears rather periodically, causing serious damage once in five years. If it is 
possible for us successfully to control the trouble, the cotton crop on about two lakhs 
of acres can be rendered more certain. The prospects of extending the cultivation 
of American cotton in other districts can also be improved. 

II. Rbd-leaf blight. 

Loaves turn brown or red during all stages of growth. The colouring first 
appears at the margins and extends inwards. In severe attaoks, the whole lamina 
becomes red with the exception of the veins. The seedlings succumb easily. Later 
on the devth-rate is small, but the affected individuals become more or less orippled. 
So far, no pathogene has been isolated froni the coloured patches. Butler [ 1908 ] 
considers it to be purely a physiological effect of an unfavourable, external en¬ 
vironment. We, however, find that the trouble is definitely associated with certain 
sucking insects of which Jassids (Chlorita fascialis) are the chief. 

Asiatic cottons, on the whole, are immune to red-leaf blight. Quite a large 
number of these have been grown at Dharwar, side by side with the Americans and 
no leaf-discolouration is observed in any. Among the Americans, the susceptibility 
varies, glabrous types being more susceptible than hairy. The senior writer [Kottur, 
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1922] has succeeded in selecting a resistant strain, Gadag No. I, from the 
hairy type, which has almost entirely replaced the ordinary Dharwar-American 
variety. Even this suiters seriously in some years. We also believe that it is not as 
resistant as it once was. This is partly due to the increased attack of thrips which 
have no dislike for hairy cotton, and partly to the total absence of die glabrous type 
from a large area which has probably driven the Jassids to accommodate themselves 
to the hairy cotton. 


III. Experiment with sulphur. 

Breeding types of cotton more resistant to red-leaf blight is in progress, but 
other remedial measures have also been tried and among these sulphur-dusting 
seemB to be ihe most effective. 

A low-lying plot of ten guvthas, which generally gets the worse attack of red- 
leaf blight, was selected at Dharwar and Gadag No. I cotton, a pure-line selection 
of Dharwar-American sown. The plot was divided after sowing into five equal 
portions and the crop on the first, third and fifth divisions was dusted with sul¬ 
phur. The second and fourth divisions were maintained as checks and did not 
receive any treatment. Sulphur-duBt of 200-mesh fineness was dusted with a 
“ Peerless ” dust-gun. The first dusting was given at the end of August, when the 
crop was only 21 days old. Subsequently the operation was repeated at intervals 
of about a fortnight, throughout the growing period. In all, eight dustings were 
given, the last one being done on the 23rd of December. 

Careful observations were made on the following points in the dusted and non- 
dusted crop:— 

(a) Stand of the crop. 

(b) Vigour of growth. 

(o) Extent of red-leaf blight. 

(£) Flowering. 

(e) Yield. 

(o) Stand of the crop.—The season of 1930-31 was very favourable for both 
thrips and Jassids. During the dry weather that followed immediately after sow¬ 
ing in August, thrips appeared and oaused considerable damage to the young orop. 
As a result, 9 per cent, of the crop died in the dusted crop and 23 per cent, in the 
non-dusted. 

(b) Vigour of growth.—In the third week of September rabi rains oommenoed 
and continued during the whole month of Ootober. Thrips entirely disappeared 
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and the ootton crop made good progress daring this period. The dusted and non* 
dusted plots consequently had equally good growth on them. The average height 
of plants was 23*7 inches in the dusted and 22‘2 in the non-dusted crop, which 
shows that the two crops were of equal vigour. 

(o) Extent of red-leaf blight. —The roW rains were more heavy than usual. So 
after their oessation, Jassids made their appearance. They increased enormously 
during November and the first half of December. The difference during this 
period between the dusted and non-dusted plots was very remarkable. The former 
looked green and healthy, while the latter turned completely red. The extent of 
the blight, as oarefully estimated by eye-inspection, is given below:— 


Table 1. 

Showing the extent of red-leaf blight in the dusted and non-dusted crop. 


Name of crop 

i 

Number 

Average 
No. of 
leaves per 
plant 

Percentage or leaves 

of plants 
examined 

Free com¬ 
pletely 

i area 
affected 

i area 
affected 

} area 
affected 

Complete¬ 
ly affected 

Dotted 

■ 

168 

93-0 

5*6 

2*4 

0 

0 

Non-dusted 

■B 

175 

12*6 

14-7 

2 24‘8 

18-3 

29*6 


(d) Flowering.— 'Both orop3 commenced flowering in the third week of Novem¬ 
ber and continued till the middle of February. The following Bhows the intensity 
of flowering in the dusted and non-dusted crops 


Table II. 

Showing the number of flowers produced per hundred plants. 


NtJXBBB or H/OWBB8 m HOTTDBID PLUTO 


name oi crop 

i 

November 

December 

January 

February 

Total 

Dusted 

• 

17 

67 

1,288 

410 

1,782 

Ncm-dusted . 

# 

10 

47 

796 

164 

1,017 
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(e) Yield : —The dusted plots not only produced more flowers but they also 
produced a greater number of bolls and consequently the difference in yield was 
remarkable as shown in the following statement 


Table III. 

Showing the yields of kapas per (tore. 


Name of crop 

Sub*plot No. 

Treatment 

Field of kapas per acre in lbs. 

Gadag No. I 

1 

Dusted 

539 

Ditto , • 

3 

Do. 

392 

Ditto 

5 

Do. 

283 Average 408 lbe. 

Ditto 

2 

Non-Dusted . 

208 

Ditto 

4 

Do. 

174 Average 216 lbe. 


IV. Conclusions. 

Shulphur-dusting has thus proved to be very successful in controlling the red-leaf 
blight of Amerioan cottons at Dharwar. Although the number of dustings and the 
quantity of sulphur used in each dusting was more than what was exactly neoes- 
sary, the plants did not suffer in any way. The shedding of leaves and flowers 
reported by Thakar and Desai [1929] was not observed. To ascertain whether 
Amerioan cottons had any advantage in this respect over Indian varieties, dusting 
was done on the looal Kumpta cotton in Deoember, when the cotton was in full 
flower. Four days after, the flowers began to shed. This was followed b£ the 
shedding of almost all the primary leaves. The shedding of buds and flowers con¬ 
tinued for about a week after whioh plants recovered and began to put forth new 
buds. This shows that Indian cottons are affected by sulphur-dusting, especially 
when dusting is done during the flowering period. No suoh effect was noticed 
in the case of Amerioan cotton. Sulphur is beooming a general remedy for many 
insects and fungoid pests, but in some cases the effeots of dusting are harmful. 
The fact that sulphur ohecks the red-leaf blight and has at the same time no injuri¬ 
ous consequences, is of great value for all growers of Amerioan ootton in this 
country. 
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SELECTED ARTICLES 

CALF REARING ON MILK SELLING FARMS. 

BY 

J. MACKINTOSH, O.B.E., N.D.A., N.D.D. 

(Reprinted from the Journal of the British Dairy Farmers’ Association, Vol. XLIII.) 

Importance op Calf Rearing. 

There are many points in dairy herd management where there is room for legi¬ 
timate differences of opinion, bnt there will be almost universal agreement that a 
herd of cows maintained entirely by the introduction of home-bred Btock is less 
subject to disease and is a greater asset to its owner and to the country than one 
maintained by the purchase of cows in full milk. From this point of view, there¬ 
fore, there is a Btrong case to be made out in favour of an increase in calf-rearing 
and the development of self-contained herds. 

During the last 10 to 15 years there has also been a great development of milk 
recording, and the information thereby gained by herd owners h is been invaluable 
as an aid to the discovery of the non-paying cow and as a guide to more efficient 
and economical feeding, but real improvement amongst dairy herds can only come 
by the UBe of good dairy bulls and by a just interpretation of milk records in the 
selection of both bulls and cows for breeding purposes. The schemes now being 
devised for the elimination of “ Bcrub ” bulls also direct attention to the need for 
greater care in the breeding of dairy and other stook, and an almost inevitable 
result will be a renewed interest in the rearing of calves. 

Conditions on Milk-Selling Farms. 

On many farms where milk is sold, the calf is looked on as little more than a 
nuisance to be got rid of as soon as possible. No doubt good reasons exist for the 
maintenance of only cows in milk on farms close to towns where there is a ready 
market for all the milk produced, but there are many other dairy farms devoted to 
milk-Belling where calf-rearing could be carried on and increased to the ultimate 
improvement of the herd in almost every respect. One of the difficulties supposed 
to exist on such farms is that of sparing a sufficient amount of whole milk to give 
the calves a good start and in view of the value of new milk for direct sale, there 
are obvious reasons why as much as possible should be sold. On some farms there 
are also difficulties of aooommodation, but in most instances, a little ingenuity and 
determination, directed to the adaptation of some existing building, can provide 
all the housing needed. 
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Sinoe the purchase of a farm in 1920 for the use of the National Institute for 
Research in Dairying, much attention has been given to the rearing of a home¬ 
bred dairy herd free from disease and gradually improving in type and milk yield. 
This policy involved the rearing of a considerable number of heifer calves each 
year, and. as there was a keen demand for the milk produced, either for sale or for 
experimental work, the problems associated with the rearing of calves successfully 
on the minimum amount of whole milk and by simple and economical methods, 
has received continuous attention. The remainder of this paper will be mainly 
devoted to a description of the manner in which the problems were studied and the 
results obtained. 

Whole Milk Substitutes. 

The first problem was to find an efficient milk substitute, and this question 
was taekled in two ways. Firstly, the composition of milk was studied and mix¬ 
tures of cake, meal and grain were made up to approximate as closely as possible 
to whole milk. Secondly, the palatability of individual foods to young calves was 
studied by the free choice sysfem of feeding, so that those foods might be selected 
which calves ate re idily at an early age. It will be apparent that, however closely 
a mixture might approximate to new milk in composition, it would not be satis¬ 
factory if it were not palatable and readily eaten by the calves. 

Dry Feeding versus Gruels. 

It was also decided that the milk substitute should be given in the form of dry 
foods, in order to save the time, care and labour required for the correct prepara¬ 
tion and feeding 1 of gruels. Experiments at the Midland Agricultural College by 
Dunlop in 1916 1 and by Voelcker at Woburn in 1912-17 2 had shown that 
gruels were not essential, but further work appeared necessary to find out.,which 
mixtures of easily obtainable dry foods would prove most satisfactory. Meal 
mixtures prepared on the farm or purchased as proprietary calf meals and prepared 
by boiling for feeding as gruels have long been known to take the place of milk 
after the oalf is a few weeks old, but, to get the best results, the meal must be 
mixed with water in the oorreot proportion, the gruel boiled or scalded and given 
to the oalves at a temperature of 95° to 100° F., and the pails in which it is given 
must be kept dean. It is comparatively rare to find all the above points receiv¬ 
ing adequate attention with the result that gruels are often made too watery or too 
hot, and the calf’s nose is soalded, or too oold and indigestion is caused, or each 
calf does not get its fair share, or the pails are dirty and are a probable oause of 
scour. It is not unoommon to find gruel-fed oalves pot-bellied, with staring ooats 
of unthrifty appearance. Further the prices oharged for proprietary oalf meals are 
often very high and out of proportion to the real nutritive value of the ingredients. 

1. Report on QtU Feeding Experiments with 1C Ik Substitutes, Dunlop and Bailey. 

2. Oalf Rearing Experiments at Wobnn, 1912-17. 3. A. Voelcker, J.R.A.S.& 1917. 
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How Cans and Meal Mixtures Compare with Whole Mile. 

To provide a basis for comparison, the weight of the different food ingredients 
in one gallon of whole milk was calculated. Attempts were then made to build up 
mixtures of easily obtainable foods which would resemble the milk in composition. 
Several definite differences were soon observed in most of the mixtures considered, 
for example (a) all mixtures of dry foods contain a greater or lesser proportion of 
indigestible fibre, whereas milk contains no indigestible matters ; (6) milk contains 
Blightly more fat than protein, whereas, in all ordinary foods with the exception of 
linseed, the propoition of protein considerably exceeds the proportion of oil; (c) 
milk contains lime and phosphoric acid in appreciable and approximately similar 
amounts, whereas most common feeding stuffs (with the exception of fish-meal) 
contain little lime and much more phosphoric acid. 

Table I (page 644) gives in a concise form the weight of food constituents in 
one gallon of whole milk, and in equivalent weights of a number of mixtures of 
common foods. 

In table I, all the mixures show a very marked deficiency of fat uhen compared 
with whole milk. To a certain extent this is made up for by a slight increase in the 
digestible carbohydrates, and had linseed been included in any of the mixtures, the 
oil content would have been increased. In mixture A, which consists of equal 
weights of linseed cake and crushed oats—popular foods for the rearing of calveB— 
there is also a marked deficiency of lime, but the use of fish-meal in mixtures B to E 
ensures a sufficiency of lime, and the proportion of lime to phosphoric acid more 
nearly resembles the proportions existing in whole milk. The fibre content is greatest 
in mixture A, and is considerably lessened in the other mixtures by the use ( ,of foods 
with a notably low fibre content, e.g., maize meal, flaked maize and locust bean 
meal. Numerous other mixtures could be made up to approximate as closely as 
any of the above to the composition of whole milk, but selection in this case was 
controlled by the preference shown for certain foods in the “ free-choice ” tests, 
and by the desire to use only foods which could be readily obtained by any faimer. 

Free-Choice Feeding Trials—Experiment A. 

The first experiment on the palatability of foods for calves was conducted by 
means of two calves in separate pens, each provided with a choice of four or five 
different foods at the same time. A trough with five compartments was placed 
within the reach of each calf and weighed quantities of the different foods were 
placed in each compartment; twice daily the amount of eaoh food left by each calf 
was removed and weighed 60 that an accurate record was obtained of the quantity 
of eaoh food eaten daily; weekly records of the live weight of each calf were aim 
kept. The foods offered to the oalvee were (hanged from time to time, and those 
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given oomprised linseed cake, bran, orusbed wheat, crashed oats, crushed barley, 
maize meal and fish-meal. 

Table II (pages 646-649) gives the age and treatment of each calf previous to 
the co mm encement of the free-choice feeding, It will be seen that calf No. 38 had 
had about 26 gallons whole milk and had been accustomed to dry foods by the age of 
six weeks, and calf No. 32 had had about 39 gallons of whole milk and been brought 
on to dry feeding alone by the age of 7j weeks. The table shows the quantities of 
each food and the total amount eaten daily by each oalf during a period of 40 days. 

Remits .—A study of the different columns shows a definite preference for 
oertain foods by each of the two calves. No. 33 undoubtedly preferred linseed 
oake and crushed barley at first, acquiring a taste for crushed oats later and taking 
smaller and varying amounts of maize meal from day to day. No. 32 preferred 
linseed cake, maize meal and orushed oats with varying quantities of barley meal; 
crushed wheat and bran were apparently not so attractive. With regard to fish¬ 
meal, two points are of interest; both calves took small amounts of this food 
regularly, seldom omitting it on two suooesive days and No. 32 ate from two to six 
ounces daily when the other foods available consisted only of cereals and bran ; 
when linseed cake was introduced the consumption of fish-meal fell off considerably 
but a few ounces were taken every few days. 

Quantity of Dry Foods Eaten .—Another point whioh the table illustrates is 
that calves from the age of seven to eight weeks will eat readily and without any 
bad effeots a considerably larger allowance of dry cake, grain and meal than is 
usually suggested or offered them. These two calves, before attaining the age 
of two months ate daily from 2 to 3 lb. of oake, etc., and by the age of three 
months were eating from 3| to 4 lb. daily. In addition to the foods mentioned 
good hay and dean water were supplied daily, but no record was kept of the 
quantities oonsumed. 


Free-Choice Feeding Trials—Experiment B. 

A seoond free-ohoioe experiment was carried out at a later date to obtain 
further information on the subjeot. In this experiment, of whioh details are given 
in Table HI (pages 650-653) for a period of three weeks the amount of each food 
offered daily was in excess of the amount eaten the previous day, so that if a calf 
preferred it could satisfy itself on one concentrate only; also a reoord was kept of 
the weight of hay eaten and water drunk by each oalf daily. 

Part /.— Results .—Both calves were eight weeks old at the commencement of 
the experiment and had been gradually weaned from whole milk to dry foods as 
in the first experiment. During the first three weeks, oalf No. 103 showed a decided 
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Table II. 

SELECTION OF FOODS BY CALVES-EXPERIMENT A. 

Calf No. 33 (Heifer). 

Bom 28th November, 1921. Four days suckling dam, then 1 gallon whole milk daily for IS 
days, thereafter diminishing amounts of whole milk, supplemented by dry meals from 26th 
December, 1921, to 8th January, 1922. 

Total whole milk .... 289 lb. 

Maximum weight of each Food offered daily to each Calf. 


— 

T .inseed 
Cake. 

Crushed 

Oats. 

Crushed 

Wheat. 

Crushed 

Barley. 

Maize 

Meal. 

! 

Fish 

Meal. 

Total 

Weight. 


Ozs. 

Ozs. 

Ozs. 

Ozs. 

Ozs. 

Ozs. 

Ozs. 

January 8-21 

10 

16 

16 

10 

0 

0 

64 

„ 22—Febr¬ 

uary 17. 

16 

16 

0 

16 

16 

8 

72 


Weight of each Food actually eaten daily by each Calf. 


January 8 (J day). 

8 

•. 

1 

2 


•. 

11 

»» 

0 


16 

1 

1 

16 


• • 

34 

tf 



16 

1 

0 

16 



33 

»* 

11 


16 

1 

8 

16 



, 41 

»» 

12 


16 

0 

1 

16 



33 

tt 

13 


16 

1 

2 

16 


• • 

35 

tt 

14 


16 

1 

5 

16 


• • 

38 

»t 

15 


16 

3 

4 

16 


• • 

39 

tt 

16 


16 

0 

0 

16 



31 

tt 

17 


16 

0 

5 

16 



37 

tt 

18 


16 

1 

5 

16 



86 

tf 

10 


16 

1 

5 

16 



38 

tt 



16 

8 

10 

16 

• • 


50 

tt 

21 


16 

1 

4 

16 



87 


6 


6 
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Table U—oontd. 

SELECTION OF FOODS BT CALVES—EXPERIMENT A-oontd. 

Weight of each Food actually eaten daily by each Calf— oontd. 


— 

linseed 

Cake. 

Crushed 

Oats. 

Crushed 

Wheat. 

Crushed 

Barley. 

M&ise 

Meal. 

Fish 

Meal. 

Total 

Weight 




0*s. 

Ozs. 

0*8. 

0*8. 

0*8. 

Oss. 

Oss. 

January 28 

• 

16 

6 

• • 

16 

5 

2 

45 

»* 

24 . 


16 

7 

• • 

16 

6 

1 

46 

» 

25 . 


16 

2 


16 

7 

1 

42 

u 

20 . 

• 

10 

1 

.. 

16 

1 

2 

86 

99 

27 . 

• 

16 

7 

• • 

16 

6 

1 

46 

*9 

00 

ea 

• 

16 

16 

•• 

16 

6 

0 

54 

99 

29 . 

* 

16 

13 


1G 

9 

0 

54 

99 

80 . 

• 

16 

15 


16 

10 

1 

58 

99 

31 . 

• 

16 

16 

.. 

16 

5 

0 

58 

February 1 

• 

10 

16 

•• 

16 

5 

2 

55 

99 

2 

• 

10 

16 


16 

8 

1 

57 

99 

8 

• 

16 

16 


16 

5 

2 

55 

99 

4 

• 

16 

10 


16 

10 

4 

62 

99 

5 

• 

16 

16 


16 

7 

2 

57 

99 

6 

• 

16 

16 

• • 

16 

14 

2 

64 

99 

7 


10 

16 


16 

10 

2 

56 

99 

8 

• 

16 

16 


16 

8 

1 

57 

99 

9 

• 

16 

16 


16 

5 

1 

54 

99 

10 

• 

16 

16 

• • 

16 

4 

1 

58 

99 

11 

• 

16 

16 

a a 

16 

9 

8 

60 

99 

12 

a 

16 

16 

a • 

16 

8 

4 

55 

99 

18 

• 

16 

16 


16 

3 

1 

52 

99 

14 

a 

16 

16 


16 

4 

2 

54 

99 

15 

a 

16 

14 


16 

6 

8 

55 

99 

16 

a " 

10 

12 

a a 

16 

6 

1 

51 

99 

17 

• 

16 

18 

• a 

16 

6 

2 

58 
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Table II— oontd. 

SELECTION OF FOODS BY CALVES—EXPERIMENT A—could. 


Calf No. 32 (Bull). 

Bom 10th November, 1921. Four days guokling dam, then 1 gallon whole milk daily for 
20 days, thereafter diminishing amounts of whole milk, supplemented by dry meals 
from 26th December, 1921, to 8th January, 1922. 


Total whole milk—399 lb. 

Maximum weigh of each Food offered daily to each Calf. 
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Tabu U—oondd. 


[I, VJ. 


SELECTION OP POODS BY CALVES—EXPERIMENT A —concld. 


Weight of each Food actually eaten daily by each Calf —oontd. 


— 

Crashed 

O&tc. 

Bran. 

Maize 

Meal. 

Flab 

Meal. 

Linseed 

Cake. 

It 

Total 

Weight. 







Orb. 

Ozs. 

Ozs. 

0*8. 

Oza. 

Ozs. 

0*8. 

January 24 


• 

• 


11 


IS 

0 

16 

16 

64 

»» 

26 





11 


14 

1 

16 

0 

41 

*» 

26 





10 


13 

2 

16 

1 

48 

•» 

27 





16 


13 

2 

10 

6 

62 

•» 

28 





16 


15 

1 

16 

5 

62 

M 

29 





16 


16 

0 

16 

4 

61 

ft 

30 





16 


14 

1 

14 

6 

50 

** 

31 





16 


12 

0 

16 

10 

64 

February 1 





16 


13 

0 

16 

1 

46 

it 

2 





16 


16 

1 

16 

10 

69 

»» 

3 





12 


16 

0 

16 

16 

60 

tt 

4 





16 


16 

2 

16 

16 

66 


5 





10 


16 

1 

16 

8 

61 

*» 

6 





12 


16 

2 

16 

16 * 

61 

tt 

7 





16 


16 

1 

16 

16 

65 

•• 

8 





12 


16 

0 

16 

14 

68 

•• 

9 





14 


16 

1 

16 

16 

63 

>» 

10 





14 


16 

2 

16 

16 

64 

tt 

11 





16 


16 

1 

16 

16 

65 

tt 

12 





13 


16 

0 

14 

16 

59 

it 

13 





14 


16 

0 

14 

16 

60 

tt 

14 





14 


16 

0 

9 

16 

56 

»» 

16 





14 


16 

3 

14 

13 

60 

tt 

16 




• 

13 


16 

1 

it 

14 

66 

*» 

17 




• 

12 


16 

2 

14 

16 

60 
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Table m. 

SELECTION OF FOODS BY CALVES—EXPERIMENT B. 

Calf No. 103 (Hkxtxb). 

Born 19th November, 1924. Tour day* molding dam, then 1 gallon whole milk daily for 21 day*, 
thereafter dimini«hing amount* supplemented by dry mixture. No milk after 20th January, 1925. 

Foods offered daily to each calf and amounts eaten—Part I. 


Date. 

Linseed 

Cake. 

Bran. 

Maiae 

Meal. 

Crushed 

Oats. 

Crushed 

Barley. 

Total 

Weight 

eaten 

daily. 

Clover 

Hay. 

Water. 


1925. 


028. 

OSS. 

OKS. 

OSS. 

028. 

OZfl. 

ozs. 

lb. 

January 21 

• 

32 

16 


• • 


48 

8 

10 

»» 

22 

• 

38 

17 


.. 

.. 

55 

8 

12 

tt 

23 

• 

54 

9 



4 

67 

12 

12 

tt 

24 . 

• 

48 

10 


2 

5 

« 

8 

12 

tt 

25 . 


54 

12 


.. 

2 

68 

8 

10 

tt 

26 


53 

20 


• • 

4 

77 

6 

13 

t* 

27 


42 

' 26 


• • 

7 

75 

7 

12 

»• 

28 a 


oO 

22 


• • 


72 

12 

15 

M 

29 . 


55 

26 


• • 

4 

85 

7 

15 

ft 

30 


41 

26 


2 

5 

74 

9 

. I 5 

ft 

31 

• 

54 

26 


1 

5 

86 

7 

16 

February 1 

• 

55 

28 


•• 

7 

90 

6 

17 

» 

2 

• 

50 

25 


• * 

•• 

75 

7 

17 

tt 

3 . 

• 

48 

25 


•• 

2 

75 

5 

16 

»t 

4 

• 

58 

27 


2 

4 

91 

3 

18 

tt 

5 

• 

56 

22 


2 

3 

83 

6 

17 

*t 

6 

a 

57 

17 


2 

■ 

l 

76 

7 

18 

ft 

7 . 

• 

55 

22 


4 

6 

97 

5 

17 

tt 

8 

• 

68 

26 


3 

2 

69 

7 

1 17 

r* 

9 

• 

59 

i 

22 


3 

10 

94 

5 

17 


Gain in lie* weight—1'46 lb. daily. 




















AOBIOOLTOBB ASS LIVE-STOCK IN IKDXA 


fl, n, 


Table ITL—contd. 

SELECTION OP POODS BY CALVES—EXPERIMENT B—eontd. 

Calf No 104 (Heivbb). 

Born 21st November, 1924. Four days stickling dam, then 1 gallon whole milk daily for 21 daya, 
thereafter diminishing amounts supplemented by dry mixture. No milk after 20th January 1925. 


Foods offered daily to eaoh ealf and amounts eaten—Part I. 



Linseed 

Oake. 

Bran. 

Maixe 

Meal. 

Crushed 

Oats. 

Crushed 

Barley. 

Total 

Weight 

eaten 

daily. 

Clover 

Hay. 

Water. 


1925. 


OKI. 

OKS. 

0X8. 

ozs. 

OKS. 

OEB. 

oza. 

lb. 

January 21 

• 

16 

17 



• • 

33 

6 

8 

»• 

22 . 

• 

20 

10 

• • 


6 

36 

12 

8 

»> 

23 . 

• 

33 

.. 



5 

88 

12 

10 

»* 

24 a 

• 

34 

5 

• • 


5 

44 

8 

10 

»* 

25 

• 

35 

■ 

* • 


6 

48 

8 

10 

9$ 

26 

• 

47 

H 



6 


8 

8 

*» 

27 

• 

37 

l 



6 

50 

' 6 

6 

•• 

28 

• 

48 

13 



9 

70 

■ 

12 

ft 

29 


30 

3 



13 

40 

mm 

9 

99 

30 


45 

8 


3 

■ I 

63 

Q 

13 

tt 

31 


47 

9 


4 

■ 

66 

B 

12 

February 1 

• 

48 

12 

4 

5 

n 

76 

6 

10 

99 

2 . 

a 

43 

3 


6 

mm 

61 

m 

10 

ft 

3 

• 

45 

9 


4 

H 

67 

II 

14 

9t 

4 


42 

9 


5 

9 

65 

5 

12 

99 

5 . 


45 



8 

14 

73 

3 

15 

M 

6 . 


47 

• a 

• 

7 

10 

64 

5 

10 

99 

7 . 


47 

2 


6 

14 

69 

6 

16 

ft 

8 . 

• 

37 

6 


8 

10 

61 

H 

12 

99 

9 . 


42 

4 


0 

8 

59 

n 

15 


Gain in live weight—1*W lb. daily. 
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Table III — contd. 

SELECTION OP POODS BY CALVES—EXPERIMENT B -contd. 
Foods offered daily to each calf and amounts eaten—Part II. 


Date. 

Linseed 

Oake. 



Crushed 

Oats. 

Crushed 

Barley. 

Total 

Weight 

eaten 

daily. 

Clover 

Hay. 

Water. 


1925 


OZS. 

ozs. 

ozs. 

on. 

ozs. 

ozs. 

ozs. 

lbs. 

# February 10 . 

• 

24 

23 

13 

8 

9 

77 

12 

15 

ft 

11 . 

a 

31 

30 

14 

11 

7 

93 

8 

18 

*t 

12. 

e 

32 

28 

23 

2 

• • 

85 

12 

12 

tt 

IS. 

e 

32 

30 

24 

9 

• • 

95 

16 

19 

tt 

14. 

a 

32 

31 

32 

.. 

• • 

95 

17 

19 

tt 

15. 

e 

32 

31 

32 

.. 


95 

16 

19 

tt 

16. 

• 

32 

28 

26 

.. 

.. 

86 

13 

19 

tt 

17. 

. 

82 

26 

27 

ii 

4 

93 

15 

15 

t> 

18. 

• 

32 

27 

29 

B 

6 

99 

12 

18 

tt 

19. 

• 

32 

27 

31 

■ 

5 

99 

15 


t February 20 . 

e 

16 

16 

16 

9 

4 

61 

24 

12 

tt 

21 . 

e 

16 

16 

16 

5 

6 

59 

36 

19 

tt 

22 • 

• 

16 

16 

16 

6 

6 

60 

40 

20 

tt 

23 . 


16 

16 

16 

13 

2 

63 

40 

12 

tt 

24. 

• 

16 

16 

16 

8 

2 | 

58 

45 

12 

tt 

20. 

e 

16 

16 

16 

12 

■a 

61 

42 

10 

tt 

26. 

• 

16 

16 

16 

6 

B 

55 

48 

20 

tt 

27 . 

• 

16 

16 

16 

11 

B 

60 

52 

20 

tt 

28. 

a 

16 

16 

16 

6 

.. 

54 

48 

20 

March 

1 . 

a 

16 

16 

16 

■ 

2 

54 

56 

20 


Gain in live weight—1-70 lb. daily. 

* February 10-19, Linseed Oake limited to 2 lbs. per bead daily, 
t February 20—March 1, linseed Oake, Bran and Barley eaob limited to 1 lb. per bead daily. 
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Table III — oontd. 


SELECTION OF FOODS BT CALVES—EXPERIMENT B -oontd. 
Foods offered daily to each calf and amounts eaten—Part //—oontd. 



Linseed 

Cake. 

Bran. 

Maize 

Meal. 

Crushed 

Oats. 

Crushed 

Barley. 

Total 

Weight 

eaten 

daily. 

Clover 

Hay. 

Water. 


1925. 

ozs. 

OZB. 

OZ8. 

ozs. 

ozs. 

ozs. 

ozs. 

lbs. 

^February 10 . 

30 

17 

14 


6 

67 

9 

17 

tf 

11 • 

HI 

24 

15 


8 

78 

8 

18 

ff 

12 . 

32 

18 

22 


2 

74 

14 

15 

•> 

13 . 

32 

26 

24 


.. 

82 

17 

18 

99 

14 . 

32 

31 

31 


• • 

94 

12 

15 

n 

15 . 

32 

32 

31 


• • 

95 

8 

11 

99 

16 . 

32 

32 

29 


.. 

93 

15 

8 

99 

17 . 

32 

24 

30 


3 

89 

13 

13 

99 

18 . 

32 

31 

29 


3 

95 

8 

12 

99 

19 . 

32 

24 

32 


2 

90 

6 

11 

fFebruary 20 . 

16 

16 

16 

8 

7 

63 

22 

12 

99 

21 . 

16 

16 

16 

14 

5 

67 

23 

12 

99 

22 . 

16 

16 

16 

5 

2 

55 

24 

15 

99 

23 . 

16 

16 

16 

6 

6 

60 

39 

15 

99 

24 . 

16 

16 

16 

15 

2 

65 

46 

18 

99 

25 . 

16 

16 

16 

4 

3 

55 

40 

11 

99 

36 . 

16 

16 

16 

6 

5 

59 

41 

14 

tl 

27 . 

16 

16 

16 

12 

2 

62 

40 

16 

»» 

28 . 

16 

16 

16 

• • 

• e 

48 

48 

15 

March 

1 . 

16 

16 

16 

2 

3 

53 

50 

10 


Gain in live weight—195 lb. daily. 

* February 10-19, linseed Cake limited to 2 lbs. per bead daily. 

t February 20—March 1, linseed oake, Bran and Barley eaoh limited to 1 lb. per head daily. 























Live weight Increase* of Calve* receiving different amount* of whole milk. 
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preference for linseed cake and bran, with frequent additions of crushed barley and 
occasional very small amounts of crushed oats; calf No. 10 4 was also very fond of 
linseed cake but preferred orushed barley to bran, and in the latter half of the 
three-week period ate a small quantity of crushed oats daily. Maize meal in 
this experiment was not an attractive food. 

Quantify of Dry Foods Eaten .—Again the quantities of dry concentrates eaten 
daily were muoh above normal practice or expectation. Calf No. 103 had the 
greater appetite and during the 9th, 10th and 11th weeks of its life ate from 3 lb. 
to 4} lb. daily; of this amount, from 2 lb. to 3$ lb. consisted of linseed cake. Calf 
No. 104 ate from 2 lb. to 4 lb. daily of which a similar proportion consisted of 
linseed cake. During this period both calves grew well, and in addition to the 
concentrates, they ato an avorage of \ lb. clover hay and drank from 1 to 1J gallons 
of water daily. 

Part II. — Results .—It beoamo apparent that little information would be gained 
about other foodB as long as the daily allowance of linseed cake was unlimited, 
hence for a ten-day period the linseed cake was restricted to 2 lb. per calf daily, 
maize meal and orushed oats were omitted and fish meal and a new food—whale 
meat flakes—were included. During this period, details of which are supplied in 
Table HI (Part II), both calves continued to eat all the linseed cake offered and 
also showed definite fondness for bran and crushed barley, but ate the fish meal and 
whale flakes sparingly and irregularly. The daily consumption of hay and water 
increased considerably. 

During the next ten-day period (see Table III, Part H) the linseed cake, bran 
and crushed barley were each reduced to 1 lb. per calf daily, and the fish meal and 
whalo flakes continued. The amounts of both those foods eaten at once increased 
and a preference for the whale flakes over the fish meal became apparent; also 
there was a most marked increase in the amount of hay eaten; whereas, with an 
unlimited supply of linseed cake, bran and crushed barley the hay consumption 
ranged from \ lb. to 1 lb. per head daily, when these concentrates were limited in 
amount, to 3 lb. per head, the hay consumption increased to 3 to 3 J lb. per head 
daily. The live weight gain during these two ten-day periods was very good, and, 
so far as could be judged by weekly weighings, was quite as satisfactory during the 
second period when hay was eaten freely as during the first period when 
concentrates were apparently eaten in place of hay. 

Part III. —Results. -The expeiiment was continued for a further period of fivo 
weeks, during which no linseed cake was given, but crushed barley, bran, crushed 
oats, fish meal and whale flakes were given in unlimited amounts. Throughout this 
period the cereals and bran were eaten freely in amounts varying from 5 to 8 lb. 
per head daily; the consumption of fish meal and whale flakes was slight but regular— 
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from nil to eight ounces per head daily —and the consumption of hay again fell to 
from 1 lb. to 2 lb. daily. The live weight gain^was less good than in the periods 
already disoussed, being T49 lb. per day for fcaif No. 103 and 1*29 lb. for calf 
No. 104. 

The results of this second experiment as a whole confirm those of the first. 
Calves will eat dry cake and meals freely from the age of eight weeks, and show a 
distinct preference for linseed cake, supplemented by cereal grains in the crushed 
form in varying amounts according to the taste of the individual calf; fish meal is 
also taken in small amounts and the consumption of hay is dependent on the 
amount of concentrates available. The question of economy of feeding was not 
under consideration in these experiments, but there are definite indications that the 
limitation of suitable concentrates, associated with a sufficiency of good hay will 
give as good a live weight increase at less cost than giving concentrates in large 
amounts. The quantity of water taken daily by calves from the ago of two to six 
months ranges from 1 to 2| gallons daily. 

Practical Rearing Trials. 

The information obtained from the study of the chemical composition of milk 
and milk substitute mixtures, and from the free-choice experiments described above 
was utilised in the rearing of many calves under practical conditions from 1922 
onwards. 

The system of mangement generally followed was ah follows:—Each calf was 
left with its dam for four days after birth ; on the fourth day it was transferred to 
a pen and for the next three to four weeks it reoeived one gallon whole milk daily — 
5 lb. (two quarts) in the morning and 5 lb. (two quarts) in the afternoon—just after 
the milking of the cows, so that milk warm from the cow was available at each 
meal. During the third or fourth week a little good hay was supplied and handful 
or so of dried cake and meal mixture given either in the bottom of the milk pail 
just after each feed of milk, or in a separate trough or pail fixed to the side of the 
pen. From the fourth or fifth week onwards the daily allowance of whole milk was 
reduoed and the amount of dry mixture increased until by the seventh, eighth or 
ninth week, the whole milk was stopped entirely and the feeding thereafter consisted 
ot dry cake and meal mixture, good hay and water, dean water, slightly heated 
during the winter, was given at the hours when milk had been given, and from 6 to 
8 lb. (say three quarts) wero given twice daily. No difficulty was experienced in 
getting tiie calves to eat the dry mixtures offered them, and scouring or other 
digestive disturbances have been practically unknown. The dry mixture allowance 
was increased as quickly as the calf would eat it up to 3 lb. to 4 lb. per head 
daily. 3 i % 
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CUD-OHEWING AND DIGESTION OE FIBRE AND CARBO-HYDRATES. 

It was noticed that calves at a rule began to nibble straw or hay and to chew 
the end daring the third or fourth week, and from that time a small quantity of 
hay was eaten daily. If calves will eat, enjoy add digest hay when about four 
weeks old, it is a justifiable inference that they may at the same time be offered 
concentrates, whioh are as a rule more digestible than hay. The consumption of 
hay at this early age should also be considered in relation to the fibre oontent of 
milk substitutes. Hay of the best quality will contain as much as 20 to 25 per cent, 
fibre, whereas cake and mealmixtures can easily be made up to contain only from five 
to seven per cent. Judging from the use made of hay by calves, it would appear 
that unnecessary emphasis has been laid on the need for a very low fibre content 
in milk substitutes. It is also probable, however, that foods with a larger fibre 
content may safely be given, provided they are given in such a form that they are 
chewed in the mouth and mixed with the saliva in a natural manner before being 
swallowed. It may well be the case that where meals are given in the form of 
gruels, the rapid swallowing of the food without chewing and mixing with saliva 
prevents the process of digestion proceeding with the same ease and efficiency, 
hence the proportion of fibre may safely be greater in a milk substitute given as a 
dry food than in one given as a gruel. 

Reference may also be made here to the need or otherwise for a proportion of 
fat in a milk substitute. Table I shows that tho dry mixtures specified contain 
only about one-fourth to one-sixth of the amount of fat present in one gallon of 
whole milk, but studies of the process of digestion have proved that the fat in tho 
food is used mainly as a source of heat and energy in the animal body, and also that 
the fat in the body can be and often is made from carbo-hydrates (starches and sugar) 
supplied in the foods. It follows, therefore, that a low fat content in a dry milk 
substitute is not necessarily a serious matter, provided the mixture contains a good 
proportion of digestible oarbo-hydrates and is given in a form which permits free 
play to the natural processes of digestion. 

Quantity of Whole Milk Allowed. 

Groups of calves have been reared in different years with allowances of whole 
milk per head ranging from 30 gallons to 60 gallons. The daily allowance in every 
instance was limited to one gallon, hence where 50 to 60 gallons were given the milk 
was given for a longer period of time. 

The results have been grouped together in Table IV and show the average live 
weights of the different groups of calves when one week old and at the end of each 
of the next six Jthree-week periods, i. e., r up to the age of 18 weeks. The daily live 
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weight increase for each of the three-week periods is also given as a measure of 
the rate of growth. 

The average live weight at approximately one week is shown to be just over 
90 lbs.—all calves were Dairy Shorthorns —and for the first three weeks all groups 
made practically the same progress, the live weight increase daily being from 
0'94 to 103 lb. per head. During the second three-week period the oalves receiv¬ 
ing only 30 gallons new milk were changed over fairly quickly to dry feeding and 
their live weight increase fell to 0 73 lb. per head daily; those receiving about 
•10 gallons milk were also having their whole milk allowance reduced, and their 
live weight inorease was at the rate of 1*19 lb. per head daily ; the other groups 
receiving milk for a slightly longer period showed increases from 123 to 1‘4G lb. 
per head daily. During the third three-week period the two groupB receiving leaBt 
milk made live weight increases of under 1 lb. per head daily, whereas the other 
groups showed little change in their rate of growth, although their whole milk 
allowance was either stopped or reduced to a small amount daily. In the fourth 
three-week period the first group showed an increased rate of growth whereas the 
others showod a decrease and there was little change during the fifth period. 
In the sixth three-week period, however, all groups showed an increased rate of 
growth, and it is interesting to note that the group receiving least milk made as 
good progress as any of the others. 

Tho chief point that arises from the above results is whether the rate of growth 
and general health of the calves receiving the smaller amounts of milk are satisfac¬ 
tory. The writer is of the opinion that in the case of Dairy Shorthorn heifer 
calves being reared for herd purposes, a live weight inorease of 1 lb. per head daily 
for the first four months is quite satisfactory, provided the feeding in the following 
months is adequate. A daily live weight inorease of 1 lb. can be maintained easily 
and economically for two years, and, if added to a birth weight of 90 lb., gives a 
total of 820 lb. or fully 7} cwt. at this age. • 

During tho fourth to sixth weeks when tho whole milk is being reduced theie 
is a loss of “ bloom ", but very little check to the rate of growth. The subsequent 
growth records and general history of the calves which received less than 40 gallons 
whole milk were perfectly satisfactory, and those which received an additional 10 
to 20 gallons showed no corresponding advantage after the age of five to six months. 

Cake and Meal Mixtures Used. 

All the mixtures inoludod in Table I with the exception of “ A ” (linseed cake 
and crushed oats in equal parts) have been used from time to time with satisfac¬ 
tory results. 
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The simple mixture of four parts linseed cake, three parts maize meal and one 
part fish meal was used for one winter season with success, but when used on 
another occasion some of the calves picked out the linseed cake and left a large 
part of the meal. In order to mako such selection almost impossible, mixtures 
C, D and E (Table I) were prepared, where a proportion of flaky food such os 
crushed oats or maize flakes were included along with meals and cake. Other 
common foods such as barloy meal and crushod wheat have been used from time 
to timo in partial replacement of crushod oats and maize meal and bran in plaoc 
of sharps. A further selection of mixtures is givon in the summary at the end of 
this paper. 


Avkbaujs Analysis on Dky Mixtures. 

Many of the mixtures usually sold and used to take the place of whole milk 
in calf-feeding do not contain a sufficiency of protein (albuminoids) and are also 
often deficient in bone forming matter. 

The mixtures found to bo satisfactory in the above-mentioned experiments 
and trials contain approximately the following percentages of food constituents : - - 








Total 

Percentages. 

Digestible 

Percentages. 

Protein . 

. 

. 


• 

• 

22 to 26 

17 to 21 

Oil ... 

. 

* 

• 

. 


6 to 7 

0*6 

Carbo-hydrates . 

• 


• 



44 to 48 

> 42 to 46 

Fibre 

• 

• 

• « 



5 to 7 

) 

Ljne « • • 

• 

• « 

• • 



1 to 1'fi 

.... 

Phosphoric Acid 

• 

• • 

* 

• # 



1-5 to 1-8 

.... 

Starch Equivalent • 

• 

• e 

• • 



.... 

70 to 74 


Cost of Dey Mixtures. 

Because of the remarkable decrease in the price of all kinds of oonoentratos 
during 1930 it is of little use to quote the prices of the above-mentioned mixtures 
in earlier years. The main object of including statements of oosts is to provide a 
bans of comparison with other mixtures—either made up on the farm or of pro¬ 
prietary origin—which may bo available for the same purpose. 
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The following are the prices including cost of delivery to the farm at which 
the different foods mentioned have been bought during the current winter season, 
and the price per owt. of two typical mixtures:— 




«. 

d. 


i. 

d. 

Linseed Cake—4 cwt. at 9*. 6 d. 

• 

. -38 

0 

4 owt. at 9*. 6 d. 

. 38 

0 

Crushed Oats—2 owt. at 7*. 

• 

14 

0 

1J owt. at 7 a. • 

. -10 

6 

Barley Meal—9 cwt. at 7*. 

e 

14 

0 

• • • • 

• • m 


Sharps—1 owt. at 6 a. 3d, 

e 

e 

3 

a • • • 

9 • • 


Fish Meal—1 owt. at 20 a. 3</« . 


. -20 

3 

1 cwt. at 20 a. 3'/. . 

. - 20 

3 

Maize Flakes .... 


• *6 


2 owt. at 8v. . • 

16 

0 

Locust Bean Meal • 

• 

a ♦ * 


1J owt. at 6 a. 9 d. 

. -10 

4 

10 owt. ousts 

. 02 

6 

10 owt. costa 

94 10} 

1 owt. costs 

. * 9 

3 

1 cwt. costa 

9 

6 


When calves have attained the age of five to six months, tho fiBh meal can 
be reduced or omitted becauso by that time tho proportion of protein can be 
reduced and more hay will be oaton, thereby supplying additional mineral matter. 

Substitutes for Pisu Meal. 

On several occasions, farmers who had adopted ono or other of the above* 
mentioned mixtures commented on the high cost of fish meal, and, as fish meal 
had been satisfactorily replaced by soya bean meal and decorticated groundnut 
meal and lime in the feeding of pigs it was decided to mako a similar attempt with 
calves. 

During the winter of 1928-2!) four lots of homo-bred Shorthorn heifer tfalves, 
consisting of three of about similar ago in each lot, wero available for this experi¬ 
ment. The lots wero made up when the calves wore eight to ten weeks old and 
had already been taught to eat a dry mixture. Two lots wero given a fish meal 
mixture and tho other two lots a mixturo of practically equivalent analysis in 
which the fish meal was replaced by extracted soya bean meal with chalk added 
to make the lime content equal to that of the other mixture. The amount of 
chalk required was calculated to be $ ounce CaC0 3 per 1 lb. concentrates (approxi¬ 
mately 2 per cent.); in praotice a moderately heaped table spoonful was added per 
2 lb. cake and meal mixture at the time of feeding. 

The amount 6f each mixture given daily ranged from 2} lb. up to 4 lb. per 
head, and 4 to 8 lb. of hay per head was also given, with water as required. All 
the calves ate the mixtures readily. 

The results of this experiment are set out in Table V, and it will be evident 
that both mixtures proved very satisfactory so far as live weight increase was 







tei AOaicuLTtrM aHd ttvx-sToox nt ikbu [ t, vi. 

otoroefncd. As regards general appeanmoe a few observer* were of tho opinion 
that Hie flah meal lota appeared to be doing bettor, but others oould see no appro* 
oiable differences. 


Tabus v. 


Comparison of Fish Meal and Soya Bean Meal (Ext.) Mixtures. 





Average 
daily live 
weight gain 
from birth 
to beginning 
of experi¬ 
ment. 

Experimental period. 

Food. 


No. of lot. 


Live weight 
gain per 
head. 

Daily live 
weight gain 
per hetd. 

Fish Meal Mixture— 



lb. 


lb. 

lb. 

Linseed Cake 

3 parts. 

I 

1'34 

140 

213*5 

1*52 

Crushed Oats 

2 .. 






Mai re Meal 

2 9 , 

m 

1-26 

92 

138-5 

ISO 

Fish Meal . 

1 part. 





1 

Soya Bean Meal Mixture— 






Linseed Cake 

Si parts. 

II 

1-37 

140 

213*4 

1*52 

Crushed Oats 

3 „ 






ICsImKmI. 

2 .. 






Soya Bean Meal 
(«*t.) 

H .. 

IV 

1*26 

92 

131*3 

1*43 

Ground Chalk 2 per cent. . 

1 

i 





The cost of the two mixtures at the prices thon ruling were 12s. 6d. per owt. 
for the fish meal mixture, and 11s. 6 d. per cwt. for the soya bean meal mixture. 
At current prices the corresponding figures would be slightly under 9s. 6 d. and 
8s. 6 d. per cwt. respectively. This difference in price is less than would be ex¬ 
pected, but it must be remembered that fish meal, although oostly, constitutes only 
one-tenth of the mixture. The actual saving in feeding by the use of the soya bean 
meal mixture amounted to Is. per calf per month, which would represent about 
is. to 6s. per calf reared during the winter period. Against this must be placed the 
extra time required for the measuring of the right amount of chalk, and mixing it 
into the dry foods. 
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Dried Separated Milk as a Milk Substitute. 

More recently experiments have been instituted to determine the possibility of 
replacing part of the whole milk by dried separated milk. One lot of four calves 
has been reared on a milk allowanoe of slightly over 40 gallons per head, and 
another lot of four oalves has reoeived exactly 20 gallons of whole milk per head 
spread over the first 35 days and from the 15th day, dried separated milk, reconsti¬ 
tuted at the rate of 1 lb. dried milk to 1 gallon water with one ounce of cod liver 
oil per pound of dried milk, has been given in gradually increasing amounts. The 
total weight of milk powder given was 25 lb. between the 15th and 49th day, after 
whioh only dry foods (Mixture £., Table I), hay and water have been given. So 
far the results are quite satisfactory; the average live weight gains of the re¬ 
spective lots up to the age of nine weeks have been 1*21 lb. and 1*04 lb. per head 
daily. 

The saving whioh may be made by the use of dried separated milk used on the 
above lines is considerable. In this experiment 20 gallons whole milk have been 
replaced by 25 lb. dried separated milk. If the former be valued at Is. 5 d. per gallon 
and the dried separated milk at 4d. per lb., the saving is equal to 20s. per calf; if 
the whole milk is valued at Is. per gallon, the saving is 11s. 8 d. per calf. Further 
experiments to confirm or modify the above results will be carried out as oppor¬ 
tunity offers. 

I have much pleasure in acknowledging the valuable assistance of Messrs. W. B. 
Morris, B.So., P. T. Joyoe, B.A., J. E. Rowe and F. Phillips in the experimental 
work described in the foregoing pages. 


Summary, 

During the first three to four days of the calf’s life it should get its own 
mother’s milk, then it Bhould get about four quarts whole milk for about four 
weeks. Calves begin to chew the cud about the fourth week, and hay and dry 
foods can then be given, commencing with a handful of meal mixture in the bottom 
of the milk pail twice daily during the fourth week; inorease the allowance the 
next week, giving it twice daily in a dean pail or trough, and reduce the milk, 
adding water to give sufficient liquid. 

During the fifth to the eighth weeks the whole milk can be gradually reduced 
and the dry mixture increased. After the eighth week no milk need be given and 
the diet thereafter oonsists of dry meal mixture, good hay and water; in cold 
weather warm the water slightly. 
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Time Table of changes in diet. 


Flnrt to third weeks * 
Fourth week 

Filth week . 

Sixth week . . , 

Seventh week 

Eighth week 

Ninth week and afterwards 


Whole milk 4 qt. daily in two feeds* 

Whole milk 4 qt., meal mixture J lb., 
daily* 

Whole milk 3 qt*, water 2 qt., meal mix* 
tare *—J lb., daily* 

Whole milk 2 qt, water 3 qt, meal mix¬ 
ture |—f lb., daily. 

Whole milk 2 qt, water 3—4 qt., meal 
mixture j—1 lb., daily. 

Whole milk 1 qt, water 4-6 qt, meal 
mixture 1—1J lb., daily. 

Meal mixture 1—3 lb., water as needed 
daily. 


Hay to bo increased as needed from the fourth week. 


Increaso the dry meal allowance (given in two feeds daily) as rapidly as the 
calves will take it, U2> to 3 lb., per head daily, with all the good hay they will oat 
for the normal rearing of heifer calves. When more rapid growth and better condi¬ 
tion is wanted give a little more milk and up to 1 lb. meal mixture. Fish meal can 
be omitted after the fifth month. 


Dry Meal and Cake Mixtures.— A general formula is Linseed cake, 30—40 
per cent.; white fish meal, 10*5 per cent.; starchy meals and grains, 40—60 per 
cent., and at least half of the starchy foods (or 20—-30 per cent., of the mixture) 
should be in a bulky flaky form. 


Typical mixtures which have given good results are :— 

For cent. 


I, linseed cake (broken) 
Fish meal 
Oats (crushed) 

Maize meal 

II. Linseed cake (broken) 
Fish meal 
Oats (crushed) 

Barley meal . 
ill. Linseed cake (broken) 
Fish meal 
Oats (erushod) 

Flaked maize . 
Sharps 

IV. Linseed cake (broken) 
Fish meal 
Bean meal 

Oats or bailey (orusbed) 
Flaked maize 


30 

10 

4b 

20 

40 

10 

30 

20 

40 

5 

20 

20 

15 

30 

5 

20 

25 

20 


The cost of a dry meal mixture should bo slightly less than linseed cake. The 
amount of food for the first six months will bo about 38—40 gallons whole milk, 
3—31 owt. cake and meals and G—6 owt. good hay. 













SOIL SURVEYS 


BY 

PROCESSOR G. W. ROBINSON, M. A., 

University College of North Wales, Bangor. 

(Reprinted from the Journal of the Ministry of Agriculture, Volume XXXVIII, 

No. 4, July 1931.) 

Noticbs of soil survoye carried out m difEorent parts of the country have 
appeared from time to time in this Journal. During recent years, however, 
considerable changes have taken placo in methods of classification and mapping. 
These changes are due partly to contact with foreign workers, but also, in a great 
degree, to the increase in the amount of survey work in this country made possi¬ 
ble by special grants from the Ministry for work in certain advisory provinces. 
It may, therefore, be of interest to give an account of the principles underlying 
modern soil surveys and to describe tho methods actually in use. 

In the earliest soil surveys carried out in this country, the basis of classifica¬ 
tion and mapping was purely geological. On the assumption that each geolo¬ 
gical formation, due regard being paid to lithological variations, gave rise to its 
own type of soil, the survey consisted mainly in tho collection and examination 
of typical soils from each outcrop. The surface geological map could thus, with 
interpretation, serve also as the soil map. This method of survey, whilst gene¬ 
rally valid for tho conditions of south- oastorn England, as exemplified by the 
work of Hall and Russell in Kent, Surrey and Sussex, did not prove equally 
applicable to other parts of the country. In the first place, over most of Great 
Britain north of the Thames there are extensive spreads of glacial and othei 
superficial deposits. These vary in thiokness and, to complicate the task of tho 
soil surveyor still further, are often of variable and uncertain origin. The term 
boulder clay may itself lead to much confusion, since it embraces a wide range 
of textural grades from clay to sand. Secondly, olimate, topography, altitude, 
drainage, and other circumstances may result in very different soils being formed 
from the same parent material. Indeed, it has been found in extreme oases that 
th6 effect of geology may be almost obliterated by the operation of the soil-form¬ 
ing processes, with the result that similar soils may be formed from different parent 
material. 

Hie experience of soil survey workers, notably thoso in Russia and the United 
States, has taught us that, in studying tho field relationships of soils, the only 
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satisfactory basis of classification is that furnished by the actual properties of the 
soil itself, and that the proper unit of study is the complete soil profile. 

The soil profile is the succession of horizons from the surface soil down to the 
parent material, which may be solid rock, glacial drift, or any material from which 
soil is formed. The character of the soil profile reflects both the nature of the 
soil-forming processes and also the effect of tho parent material on which they 
have operated. It may be modified by cultivation, with the result that profiles 
of agricultural soils differ considerably from those of the virgin soilB from which 
they have been reclaimed. The soil profile, preferably studied on virgin soils, is 
the basis for the natural classification of soils and the great world groups are 
distinguished by characteristic profiles. 

The processes which lead to the differentiation of soils into horizons are mainly 
connected with the movements of water in the soil. These movements are govern¬ 
ed by the relative intensity of rainfall and evaporation. In arid climates, whore 
evaporation predominates over rainfall, the tendency is for soluble salts to accu¬ 
mulate at or near the surface. In semi-arid climates, where the leaching action 
of the rainfall is more pronounced, the soil profile is characterized by the accumu¬ 
lation of an horizon of calcium carbonate, often accompanied by caloiiun sulphate. 
The depth at which this horizon occurs increases with the intensity of the leaoh- 
ing. 

In humid climates, rainfall predominates over evaporation and the soil profile 
is subjected to leaching down to the water table. There is thus a complete wash¬ 
ing out of soluble salts and also of calcium oarbonate, with the consequent develop¬ 
ment of acid conditions. The complete expression of this type of Boil for ma tion 
in cool climates is seen in the so-called podsol profile {see Fig. 1), developed under 
cover of heath or coniferous forest vegetation. In tho podsol profile, the essen¬ 
tial horizons are, beginning from the surface, A 0 , a layer of peaty material; A 1( 
a layer of bleached greyish or even white material from which iron and alumi¬ 
nium oxides have been removed by leaching ; B, a brown or reddish-brown hori¬ 
zon enriched by the deposition of iron and aluminium oxides leached from the A 
horizons ; and 0, the parent material. In tho most extreme podsol typos, there 
is also a leaching out and deposition of humio matter, with the result that the 
B horizon is black or dark brown in colour. Among the best examples of podsol 
profiles in England are those found on the Bagshot Sands of Surrey. Elsewhere 
in England, the differentiation into horizons is generally less pronounoed, exoept 
on areas of light sandy soils in heaths. This is due partly to the faot that, exoept 
on very light soils, the leaching processes are not sufficiently intense for the de¬ 
velopment of good profiles, and partly to the effect of long continued cultivation 
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which tends to mix up the soil hotizona and also to counteract the extreme acidity 
which is requisite for podsol formation. 


I A 0 Fibrous peaty 
r layer 


A, Grey bleached 

layer 

B, Dark humic 

layer 

1 B a Reddish brown 
r compacted layer 



C Parent material 
unweathered 


Fig. 1.—A Podsol Profile. 


Profile development in some cases leads to the formation of an impervious pan, 
which not only interferes with water movements, but also restricts root develop¬ 
ment. Pans may be due to the effect of the mechanioal washing down of the 
finer particles from the surface soil, or the processes of solution and deposition 
such as occur in the formation of podsol profiles. In some oases, a combination 
of these two types of differentiation may occur. In any case, the occurrence of 
layers of varying mechanical and chemical composition exerts a profound influence 
on the conditions of plant growth in the soil and is, therefore, of importance in 
agricultural practice. The conclusions drawn from this method of study are evi¬ 
dently more valid and of wider application than those derived from the study of 
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samples of soil and subsoil as in the earlier surveys, and may be expected to fur¬ 
nish suggestions as to the probable behaviour of soils under cultivation and 
cropping. 

Those engaged in survey work in this country have for some years met peri¬ 
odically to discuss methods and to compare experience. They have also reoeived 
much assistance from the Geological Survey, and most soil surveyors have had 
the opportunity of becoming acquainted with the methods of geological mapping. 
Allhough certain details remain to be adjusted, substantial agreement has now 
been reached regarding the lines on which soil survey work shall proceed in the 
future. In this connexion, it may be mentioned that soil surveyors are greatly 
indebted to the helpful counsel of Professor Linwood L. Lee, of New Jersey, who 
spent a year in this country and visited all the centres at which soil surveys wore 
being carried out.* 

It has been generally agreed that soil mapping shall be carried out with the 
rix-inoh Ordnance Survey maps as base maps. Agreement has been reached as 
to the data to be recorded on such maps in the field. The object in view is to 
secure that, in the actual mapping, all data of agricultural importance, as far as 
they can be ascertained, shall be recorded. These data refer to (1) surface ; (2) 
stoniness ; (3) texture ; (4) colour ; (5) water conditions ; and (6) the nature of 
the soil profile succession. In addition, notes as to natural vegetation are record- 
ded where possible. Appropriate symbols are used for the purpose of setting out 
the observed data on the maps. For example, in the case of texture, S stands 
for sand, Sa for light Band, 8b for sandy loam, L for loam, La for light loam, 
Lb for heavy loam, and so on. A complete description might be set out as 

^ ^ This would signify a moderately-stony, greyish-brown heavy loam 

overlying a grey deep drift clay and subjeot to seasonal wetness. The data as 
to surface are reoorded by means of arrows pointing down the dopes with differ¬ 
ences to indicate degrees of steepness. An example of a soil map is shown in 
Fig. 2. 

A complete record field by field, supported by analyses of typical soils, should 
give all the necessary soil data for agricultural purposes. It is desirable, how¬ 
ever, to arrive at some Bystem of classification in order to throw into relief the 
relationships of soils to each other, and to secure a readier presentation and 
generalization of the data obtained. It has been generally agreed among surve¬ 
yors that a system based on that in use by the United States Soil Survey shall 
be used. The principal members in this system of soil classification are the soil 

*Profe*or Lee also contributed to thia JocaHAt aj» artiofe op Soil Svrvtus ami their Utilization, 
October, 1030, p. 053. 
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series. A soil series is a set of soils derived from the same or similar parent 
material under similar conditions of climate, topography, and drainage, and 
showing tile same general profile characteristics. Series are named after the loca¬ 
lities in which they are first studied or where they attain a considerable develop¬ 
ment. The Powys series, recognized in the soil survey of Wales, may serVfe as 
an example. Soils of this series are derived as sedentary soils under conditions 
of free drainage from non-oalcareous shales, flagstones, and mudstones of Cam¬ 
brian Ordovioian and Silurian age. The profile oonsists of a brown or buff-brown 
shaly loam overlying a lighter brown or yellowish-brown subsoil of heavier tex¬ 
ture. Variations in texture give such types as the Powys light loam, the Powys 
silty loam, the Powys heavy loam, and so on. It should be noted that, although 
the series are described in terms of geological parent material and mode of form¬ 
ation, the actual oriteria for recognition are the characters of the profile. If, 
therefore, the same profile is given by soils derived from different parent material, 
there would be good reason for grouping them in the same series. For example, 
in the Welsh soil survey, there does not appear to be any real difference between 
the Bangor series derived from acid and intermediate igneous and pyroclastic 
rocks, and the Anglesey series derived under similar conditions from pre-Cam¬ 
brian schist. If fuller study should confirm this impression the two series would 
be united into a single series. The Glamorgan series includes soils derived from 
Lower Lias limestones and also soils derived fiom Bhaetic beds. 

For convenience of grouping, series derived from the same paront material 
may be considered as forming a suite. For example, the Powys suite consists of 
all soils derived from non-calcareous shales, flagstones and mudstones of Cambrian, 
Ordovioian and Silurian age. Varying conditions of formation distinguish the 
different series. The Powys series comprises the sedentary soils with free 
drainage, the Penrhyn series, the drift and hillwash soils with free drainage, the 
Cegin series, the drift soils with impeded drainage, and the Conway series, the 
alluvial and bottom soils. Other series of the same suite may be isolated on 
the basis of topography. 

Hie advantage of arranging soils into series, as has been described, is that 
soils having the same general mineralogical and chemical composition, similar 
topography, and similar behaviour in respect to water conditions, are grouped 
together. When due allowance is made for climatic influnces, it is reasonable to 
suppose that soils of the same series will be similar in agricultural behaviour and po¬ 
tentialities. The success of the classification into series will bo reflected in the 
extent to which it tallies with the known agricultural characters of the soils 
Classified. 
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The methods and instances described in the present account are taken from 
the soil survey of Wales and differ in some details from those applicable to other 
areas. A small committee Bet up by the Ministry is now attempting to correlate 
the soil survey work in different advisory provinoes. For this purpore, a careful 
examination is made of the principal series reoognized by individual surveyors 
in older to decide to what extent they can be identified with each other. If, for 
example, Series A in Area X proves to be identical with Series B in Area T, and 
with Series C in Area Z, then, in future work, Series A, B and C may be con¬ 
sidered as one Beries and mapped as such. 

The principal use of the soil survey is as a basis for advisory work. An iso¬ 
lated inquiry, even when accompanied by a sample of soil for analysis, oan rarely 
be answered satisfactorily unless a comprehensive view of local circumstances is 
possible. This can, of course, be most satisfactorily secured by a personal visit, 
but a reliable soil map carrying the kind of information indicated in the present 
artiole plaoes the adviser in possession of most of the information which would 
be obtained by an actual visit. Further, a knowledge of the characteristics of 
the principal soil types of an area will enable the adviser to recognize abnormali¬ 
ties in individual soils. 

The soil map should form the basis for field experimental work. Too often 
in the past, such experiments have been located on unrepresentative soils, whilst 
it has even happened that an experiment has been spread over more than one 
kind of soil. Adequately replicated plot trials are costly to carry out, and it is 
highly desirable to ensure that their significance should be as wide as possible. 
When the soil survey of a province has been completed, it will be possible to de¬ 
cide whioh are the most important soil series and to arrange for the laying out 
of experiments in the most advantageous localities. 

The information acquired from the soil survey, and from the analysis of the 
soil samples taken, will generally result in a more aoourate knowledge of the 
manurial requirements of different types of soil. The case of soil sourness sug¬ 
gests itself. There are, undoubtedly, large areas in urgent need of liming, and 
a soil survey might be expected to indicate the location and extent of such areas 
and to serve as a basis for the neoessary propaganda. At present, even where a 
large proportion of the area of a district is known to be in need of lime, no wide- 
spresd recommendation can be made until the distribution of the sour lands is 
known with reasonable precision. 

From time to time there is considerable disoussion, often among those least 
informed, of the possibilities of land reclamation. Whilst most of the waste lands 
are uncultivated on account of their inherent unsuitability for agriculture, there 
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are large areas of wet land whioh might be worth improvement, particularly as 
such lands are generally rich in plant food and only require the proper regula¬ 
tion of their water economy. A soil map would give the neoessary information 
sb to the areas most likely to repay for expenditure on drainage, and would show 
the relationship of the wet lands to the general drainage system of the district, 
thus facilitating the institution of comprehensive schemes of arterial drainage. 

There is another aspect of soil survey work, whioh, however, mainly concerns 
suburban districts, namely, its bearing on schemes for housing development. A 
knowledge of the nature of the soil and, in particular, its drainage conditions, 
would be of great value in determining the value of particular tracts of land for 
housing schemes. It is obvious that such schemes should not be developed on 
areas characterized by impeded drainage conditions. 



THE CALCIUM AND PHOSPHORUS SUPPLY OF DAIRY COWS * 

BY 

R. G. LINTON, Ph.D., M.R.O.V.S., 

Department of Hygiene, Boyd (Dick) Veterinary College, Edinburgh. 

A vast amount of scientific research has been undertaken in many parts 
of the world in recent years concerning the mineral requirements of cattle, and 
while this paper was in the course of preparation an exhaustive review of the 
relevant literature was published by J. A. Crichton 1 in the Journal of Dairy Research. 
The present communication may be said to take up the information thus presented 
and to attempt to show to what extent ordinary unsupplemented rations may be 
expeoted to meet the miloh cow’s requirements for oiloium and phosphorus. 
No other mineral constituents are considered. 

Many writers have drawn attention to the difference between the modern 
dairy cow and a oow leading a natural life grazing at large on suitable food. Under 
natural conditions a cow would secrete approximately 200 gallons of milk for the 
sustenance of a calf, and her food, the only natural food of herbivorous animals, 
would-be grass and other plants which would be in their most nutritious state 
during the normal period of maximum milk yield. The modem cow is not 
considered to be of much value unless she can produce at least four times the 
quantity of milk she was intended by nature to produoe. She is required 
to breed at any seasonal period, and her capacity for reaching maturity at an early 
age has been increased. Her food for the most part is unnatural and often 
unsuitable for the purpose intended. Added to these there are other burdens of 
domesticity among whioh may be mentioned, in particular, bad housing with 
lack of exercise and sunlight, and not infrequently an inadequate water-supply. 

The preBent-day dairy cow has indeed had surprising things done to her; 
that she survives and manages to keep in fair health is a tribute to the extra¬ 
ordinary adaptability of animals to conditions far different from those Nature 
intended. It is important to keep in mind that the high-producing cow was 
evolved, by a process of selective breeding, in advance of knowledge concerning 
her food requirements. It is true that quantitatively, in terms of total nutriment 
consisting of protein, fat and carbohydrate, the cow’s needs have been more 
carefully studied and, one is justified in thinking, adequately met. Indeed, 

* Presented at the 49th Annual Congress of the National Veterinary Medio&l Association of Gnat Britain 

and Inland, August 22nd 28th, 1981. 
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Hainan* has recently published a critioal study which suggests that so far as the 
above-mentioned constituents are concerned, feeding for maintenance has been 
on the liberal side. On the other hand, it is only within comparatively recent 
years that serious attention has been focussed on the needs of the animal for the 
mineral constituents drained from the body into the milk. What this outflow 
amounts to is easily determined, but what its real significance is in relation 
to the health and well-being of high-yielding cows is not by any means dear, 
and it is advisable for us to consider this matter carefully in view of the fact 
that our advioe is so frequently sought regarding the supply of caloium in 
the food. The illuminating work of Little and Wright 8 and Dryerre and Greig* 
has naturally added interest, and perhaps importance, to this aspect of bovine 
nutrition, but between the discovery of a serum-calcium deficiency in milk 
fever cases and the establishment of a dietetio cause, there is a gulf yet to be 
bridged. 

Since the primary object of this communication is to open a discussion on the 
requirements of calcium and phosphorus by the dairy cow, it becomes necessary, 
in the first instance, to state briefly the “ feeding standard ” upon which the diets 
later to be discussed are based. 

In order to avoid complexity in the following discussion the diets considered 
are based on the requirements for a 1,000-lb. cow (an Ayrshire) secreting milk 
containing 3 5 per cent, of butter-fat. The feeding standard for such a cow, 
which has been accepted for many years as being satisfactory, is Starch Equivalent 
6-lb. and Protein Equivalent 0’6-lb. for maintenance, with an additional 2’5-lbs. 
of S. E. and 0’6-lb. P. E. per 10-lb. (1 gallon) of milk. Hainan in his new survey 
of maintenance requirements suggests a standard of S. E. 5-lb. and 0’6-lb- P E., 
and for milk (3’5 per cent, butter-fat), S. E. 2’3-lb. and P. E. ’54-lb. per gallon. 
For the purpose of this paper Hainan’s standard has been adopted, and aooordingly 
the food requirements of an Ayrshire cow would be for maintenance and milk:— 


Maintenanoe and 1 gallon . 







S.E.lbs. 

73 

P.E. lbs. 

114 

99 

2 gallon* . 





• 


0*6 

1*68 

99 

s „ . 





. 


11*9 

222 

99 

4 .. • 





• 


14-2 

2*76 

99 

6 . 





. 


16*5 

8*30 


The total dry matter in these diets should fall somewhere between 25 and 30 lbs. 

The food requirements in termB of energy, protein and “ bulk ” having been 
defined, there remain to be considered the cow’s requirements of calcium and 
phosphorus and the extent to which these would be met in ordinary unsupple- 
-mented diets based on the above standard. Notwithstanding the intensive work 
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that has been oarried out during recent years, there still remains a considerable 
element of doubt regarding the needs of the milch cow for calcium and phosphorus, 
both for the maintenance of her body and for milk secretion. 

This is understandable in view of the great difficulties involved in carrying 
out mineral metabolism experiments with cattle over sufficiently long periods. 
Furthermore, the factors which influence mineral assimilation are in themselves 
complex, not fully understood, and not neoessarily of geographical or even seasonal 
uniformity. According to Henneberg (quoted by Crichton) whose figures are 
adopted by Kellner* a 1,000-lb. cow requires for maintenance 32'5 gm. calcium (Ca) 
and 10 gm. phosphorus (PI daily and this estimate is adopted for the purpose 
of the following argument. 

Whatever may be the margin or error in this conclusion, it can be but 
small compared with the difference of opinion concerning the requirements for 
milk yield. 

The amount of calcium and phosphorus secreted in any quantity of milk 
can easily be determined since we know that milk contains O’118 per cent, of 
calcium (Ca) and 010 per cent, of phosphorus (P) (Rowett Research Institute 
averages are, O-iO 0166 and P 2 0 5 0 229 per cent.). Thus the amounts secreted 


are: 


1 gallon 

2 gallon* 

3 „ 

4 ,, 

« .. 


Ca 

5-38 g. 
10-76 g. 
1614 g. 
21-52 g. 
26-90 g. 


P 

4-5 g. 
90 g. 
13-5 g. 

18-0 g. 
22-6g. 


But the amount of these minerals secreted in the milk is of itself no indication 
of the amount required in the food. Clearly, the requirements of both calcium 
and phosphorus could not be met by giving in the food similar quantities to those 
excreted via the milk since the percentage assimilation and utilisation oould not 
under the most favourable conditions approach 100 per cent. 


It is here that the difficulty arises of supplying an accurate and adequate 
answer to the query so frequently put to the dietist: Is it necessary to add 
calcium to the diet of a milking cow and if so, in what quantity 1 Assuming the 
above-mentioned maintenance requirements to be correct, an answer to the 
question would be available could the percentage assimilation of tood calcium 
and phos ph orus be determined. But it is here that difference of opinion and 
difference in experimental results are apparent. It would be well at this juncture 
to quote from Crichton’s paper 
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"Itknot the amount ingested in the food that matters, but the amount 
absorbed. On an ordinary ration an assimilation of 16 to 20 per cent, of the 
mineral matter may be expected, Miller el ol 6 consider that ‘the alimentary 
absorption of caloimn and phosphorus is controlled to a oertain extent by the 
demands of the animal/ They found the percentage utilisation of oaloium to be 
highest at the height of lactation, but even then it does not exceed 23 per cent. 
According to Meigs et al° this is not exceeded even in well-cured fodder. Henoe a 
calculation of maintenance requirement, plus the calcium in the milk, does not 
truly represent the total requirement. A margin of safety of several times 
the caldum in the milk appears to be required to maintain equilibrium. If 
16 to 20 per cent, be taken as an average assimilation, there are very few rations 
which, unsupplemented, would provide sufficient calcium/’ 

At the conclusion of his paper Crichton says: “ The making good of gross 
mineral defioienoies in the rations of cows, by the addition of mineral salts, involves 
no great difficulty. It is a simple matter to compute the approximate mineral 
content of the ration from available analytical data. A comparison of the 
percentages of each of the minerals present and of the ratios of these amounts 
to the percentage amount of protein or to the energy value of the ration, 
with those found in either milk or good pasture, will show whether, and roughly, 
to what extent, any of the minerals is deficient.” 

But Crichton does not say what the calcium and phosphorus requirements 
of the cow in milk are. 


It has not been proven that the quantities of calcium or phosphorus ingested 
by a cow from good well-grazed pasture represent the necessary minima. If the basis 
of assessment be the amount secreted in the milk, is the assumption correct 
that only 20 per cent, of the food calcium is assimilated ? Assuming this to be so, 
then the requirements for a 1,000-lb. cow would be:— 


Maintenanoe, plus 1 gallon 
» » * gallons 

•I H 1 M 

•• n 4 » 

n ii 5 I, 


approached under ordinary conditions of winter feeding. Kellner’s standard/ 
which k 0*87 g. Ca and 0*7 g. P per lb. of milk in addition to 32*6 g. Ca and 
10 g. P per 1,000-lb. live weight, indicates a much lower requirement, and if 
these quantities for milk secretion suffice, they imply a utilisation of 62 per cent. 


Ca 

p 

59*4 g. 

82*6 g. 

86*3 g. 

66-0 g. 

118*2 g. 

m g. 

140*1 g. 

100*0 g. 

167*0 g. 

m*sg. 

us are 

never remotely 
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of tile food calcium and 64 per cent, of the phosphoruB. Based on Kellner’s 
standard tile requirements per gallon of milk are 



Oft 

P 

Mainten&noe, plus 1 gallon . . 

41*2 g. 

17 g. 

H m 2 gallon!. 

49*9 g. 

24 g. 


58*6 g. 

31 g. 

» »• 4 9 » • • • •• ••• 

07*3 g. 

88 g, 


70*0 g. 

46 g. 


According to this, therefore, approximately one-third of both calcium and 
phosphorus is required in the food, to make good lhat lost in the milk, compared 
with that amount which would be needed were the utilisation only 20 per cent.— 
needless to say, a very material difference! It should perhaps be noted here 
that Lindsay and Archibald 7 interpret Kellner’s standard per lb. of milk, in 
addition to the maintenance standard, as 0'8 g. Ca and 0'5 g. P ; on this assumption, 
therefore, the requirements would be even lower than those stated above. 

With such a wide difference between two suggested mineral needs it is of 
importance to consider what evidence there is in support of the view that the 
lower standard may be adequate, at least for moderately heavy milkers. 

Two papers having an important bearing on this have been published recently. 
Huffman, Robinson and Winter 6 have shown that cows receiving a ration of 
timothy hay, maize silage and grain, without any mineral supplement, received 
sufficient calcium and phosphorus for the production of at least 10,000-lbs. of milk 
a year. They found a negative calcium balance to be the rule during the height 
of lactation with heavy production, but with medium production, and when dry, 
sufficient calcium was stored to compensate for the loss. Contrary to the 
experience of others who have stated that the average utilisation of. calcium 
from well-cured hay is about 20 per cent, of the intake (Meigs, Turner, Harding, 
Hartman and Grant 0 ), Hoffman el al found that with their cows on the diet above 
detailed (a ration poor in calcium, the hay containing 0‘30 per cent. Ca) the 
percentage utilisation ranged from 34*2 to 57*6 per cent, of the calcium ingested 
(there was one exception). Approximately the same results were obtained 
for phosphorus. Within the limits of this paper it is not possible to refer in detail 
to the calcium and phosphorus intake and balance of the experimental cows, 
but the results are such as to indicate that the need for oaloium by a heavy-milking 
cow may, perhaps, be even less than that suggested by Kellner. 

Support is given to the opinions of Hoffman and his co-workers by Lindsay 
and Archibald 7 who, in a final report on a six-and-a-half-years’ investigation on the 
feeding of mineral supplement to dairy cows, conclude that where the cows are 
average producers (5,000 to 8,000 lb.) and where they are fed on good quality 
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roughage, a mineral supplement is not indicated. For heavy producers (10,000-lbs. 
and upwards) they say that it is probably good insurance to supply supplemental 
lime and phosphorus, but “the efficacy of such a practice is by no means 
well established.” These investigators express the opinion that the problem of 
mineral deficiency in rations is largely a regional one, and that where the 
roughage carries a reasonably high percentage of oaloium and liberal grain feeding 
is practised, mineral supplements will not be neoessary for the average cow. 
Concerning Kellner’s standard in regard tosoaloium, they say his minimum would 
seem to be well above the danger line and also that when cows are grain-fed the 
phosphorus received is well above the minimum prescribed. 

For the purpose of illustrating the actual amount of calcium and phosphorus 
supplied in ordinary unsupplemented winter diets, three rations have been constru¬ 
ed for a cow giving four gallons of milk daily. The diets are such that they meet 
the requirements, according to the previously stated standard, for energy and 
protein; the total dry matter falls between 2$ and 3 per cent, of the live weight 
(1,000 lbs.). In ration A, 15 lbs. of good quality hay is used containing 0*70 per 
cent, calcium and 0‘27 per oent. phosphorus (on 10 per cent, moisture basis). In 
ration B, the same quality of hay is used but 10 lbs. of oat straw are substituted 
for ten pounds of the hay ; the deficiency in energy and protein thus produced is 
corrected by increasing the palm kernel cake. In ration C, 15 lbs. Italian rye 
grass hay, which was found to oontain 0 33 per cent, oalcium and 0*13 per cent, 
phosphorus (10 per oent. moisture basis), is substituted for the better grade 
roughage. 

It will be seen that in the case of the good hay the oow would have a negative 
oalcium balanoe of only —0*3 g. daily while secreting four gallons of milk, provided 
that Kellner s standard is oorreot and that the factors influencing calcium assimilation 
are favourable. In ration B, where oat straw is used, the deficiency is increased to 
21 g. and in the case of poor grade (foroed) rye grass hay the deficiency is as 
much as — 28 g. 

It will, of course, be appreciated that if the factors whioh are essential for a 
good assimilation and utilisation of the food oaloium are lacking, the deficiency in 
each case would be very much greater. 

Three rations fed to dairy cows in the Liverpool area, the details of which were 
kindly supplied by Mr. H. T. Matthews, b.so., f.b.o.v.s., were found to have a 
tentative oaloium deficiency of -38, -31 and —26 g. daily, on the assumption 
that the hay contained a uniform 0*35 per cent. 0a. The total nutriment in the 
diets was sufficient for 5, 4*5 and 4*5 gallons of milk respectively. The Oa/P ratios 
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were ‘86, *72 and ‘76. The use of hay containing 0-70 per oent. 0a instead of 0*36 
per oent. would alter the ealcium balances to —22, —7 and +3 g., the quantities of 
hay used in these byres: 10,15 and 20 lbs. respectively, being kept the same. The 
Ca/P ratio would, of course, be materially altered. 

These examples of diets are sufficient to show the importance of utilising hay 
containing a reasonably high percentage of calcium for the feeding of dairy cows, as 
the selection of good roughage, the main source of diet in a cow’s winter diet, must 
be of prime importance in assisting the heavy-yielding cow maintain a positive 
balance, or at least to reduce the extent of loss during the height of her lactation. 
In order to show to what extent hays vary in regard to the amount of calcium and 
phosphorus they contain, 41 samples were analysed. 

The results are tabulated as oaloium oxide and phosphoric aoid on dry matter 
basis and also as calcium (Ca) and phosphorus (P) brought to a uniform 10 per oent. 
moisture content in the hays. They show a range from 0'32 (a sample of timothy 
and cocksfoot, the cocksfoot being over-ripo) to 2 30 per oent. for calcium oxide 
with a mean value of 0 99 per cent. ; for the phosphoric acid the range was from 
0 - 29 to 0‘75 per cent, with a mean value of 0‘46 per cent. These values should not 
be regarded as average figures for hay since they are to a certain extent regional and 
the number analysed is insufficient. As Woodman and Evans say 10 , it is not easy 
to decide what is a reanonable figure for the lime content of average meadow hay, 
Bince the amount is influenced by the proportion of clover in the sample. They 
believe, however, that meadow hay should have a higher value than one per cent, of 
the dry matter. Much of the hay that is fed to cows has a lower value than this. 
Woodman and Evans quote Klimmer and Schmidt’s (1906) 11 summary of data 
which gives a range of values from 0 95 to 1*60 per cent, for calcium oxide in 
normal hay, with a mean of 1‘20 per cent, of the dry matter, and a range from 0‘42 
to 0‘81 per cent, for phosphoric acid with a mean value of 0'53 per cent, in the same 
hays. Klimmer (1920) also gives average values of oaloium oxide and phosphoric 
acid for many varieties of hay in his text-book 13 . In hay from non-legumes the 
range of CaO on dry matter basis is 0-05 to 1*15 per cent, and for P 2 0 5 016 to 1*07 
per oent. (lowest values from sour grasses, reeds, etc.) For legume hays the range 
of CaO is given as from 064 to 3*17 per cent, and for the P 2 0 6 from 0'41 to 1*15 
percent. . 

But while a liberal supply of calcium in the diet is the first need, the factors 
which together ultimately oontrol its utilisation are not of lesser importance. If the 
percentage availability may range, aooording to experimental returns, from 5 to 50 
per cent, or even greater, the dietist will indeed be in a quandary when he is Bet 
the task of giving advice as to the addition of oaloium to diets. The 
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factors which affect assimilation are as jet but little understood ; they inolude the 
complex actions and inter-actions of the vitamins in the food, the action of sunlight, 
environmental conditions, exercise, water-supply, and the calcium/phoBphorus 
ratio in the diet. The ratio of calcium to phosphorus in diets has attracted a 
deal of attention from investigators, and while suggestions have been made as to 
the optimum proportions in which these minerals should be given, the information 
appears at present to be too vague for practical application. It may be of great 
importance in the event of low calcium or phosporus intakes or where the differ¬ 
ences between calcium and phosphorus intakes are wide, but Hoffman and his co¬ 
workers concluded that the ratio is of muoh less importance than the total intake. 
Clearly, any material change in the nature of the food will alter the Ca/F ratio and 
this is particularly true with hay, the main supply of calcium. Indeed the dietist 
would find great difficulty in making fine adjustments in the event of future 
research making it dear that, where the animal is given a luxus consumption of 
both caloium and phosphorus, the ratio between them is of real importance. 

Neverthdess, a sufficient supply of all the necessary minerals must be of im¬ 
portance inasmuch as a defidency of one will cause a drain from the bones to 


Diet “ A ’’for Ayrshire Cow (1,000 lbs.) Giving Four Gallons per Day. 


Food. 


S.E. 

P.E. 

Dry Matter 

Ca 

P 


lbe. 

lbs. 

lbe. 

lbs. 

Gram 

mes* 

Meadow Hay (No. 41) *. 

15-0 

4*65 

•68 

12*9 

47*63 

# 18*30 

Turnips . 

30-0 

1*20 

•12 

2-7 

6*81 

6-43 

Oats • • • * • 

4-0 

2*48 

•30 

8*6 

192 

1016 

Deo. Grd. Nut Cake ♦ 

•5 

*36 

*21 

•46 

*32 

1*66 

Pea Meal • 

3*0 

2*16 

*64 

2*60 

1*09 

6*85 

Linseed Cake • 

2*5 

1*80 

*61 

2-20 

3*97 

8*73 

Palm Kernel Cake , 

2*0 

1*60 

•31 

1*78 

2*36 

4*26 

Total in ration 

• • 

14*14 

2*77 

26*13 

6410 

64*29 

“ Standard ” requirement* « 

• • 

14*20 

2*76 

26-30 

67*30 : 

38*00 

Difference— 






+ 16*29 


CtyP ratio t— 1 * 18 . 
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Diet “ B ” for Ayrshire Cow {1,000 lbs.) Giving Four Gallons per Day. 


Food 


8.B. 

P.E. 

Dry Matter 

Ca 

P 


lbs. 

lbs. 

lbs. 

lbs. 

Oram 

mes. 

Meadow Hay (41) 

6 

1*65 

•23 

4-3 

15-78 

6-10 

Oat Straw . • 

10 

1-70 

•10 

8-0 

11*34 

4*87 

Turnips «... 

30 

1*20 

•12 

2-7 

6-81 

5*43 

Oate . 

4 

2-48 

•30 

3*5 

1*92 

10-16 

Dae. Grd. Nut Cake . 

•6 

*35 

•21 

•45 

•32 

1*66 

Pea Meal .... 

3 

216 

•54 

2-60 

109 

6-85 

Linseed Cake 

2*5 

1*80 

•61 

2*20 

3*97 

8*73 

Palm Kernel Cake 

4 

300 

•62 

3*56 

4-72 

8*52 

Total in ration 

• • 

14-24 

2-73 


46*04 

51*22 

“ Standard ” requirements . 

• • 

14-20 

2-76 


67*30 

38*00 

Difference— 




B 

—21*26 

-j-13*22 


Ca/P ratio.*—*9. 


Diet “ C ” for Ayrshire Cow (1,000 lbs.) Giving Four Gallons per Day. 


Food 


SJE. 

m 

Dry Matter 

Ca 

P 


lb. 

lbs. 

lbs. 

lbs. 

Gram 

mes. 

Italian Bye Grass (23) . 

15*0 

4*65 

•68 

12*9 

22*50 

8*85 

Turnips . . . . 

30*0 

1*20 

•12 

2*7 

6*81 

15*43 

Oats . * • • 

4-0 

2*48 

•30 

3*5 

1*82 

0*16 

Deo. Grd. Nut Cake • 

•5 

•35 

•21 

•45 

*32 

1*66 

Pea Meal .... 

3*0 

2-16 

•54 

2-eo 

1*09 

6*85 

linseed Cake • . I 

2-5 

1*80 

•61 

2-20 

3*97 

8*73 

Palm Kernel Cake 

2-0 

1*50 

•31 j 

1-78 j 

2*36 

4*26 

Total in rations 

• • 

14-14 

2*77 

26*13 

88*97 

44*84 

“ Standard ” requirements. 

• • 

14-20 

2-76 

26—30 

67*30 

38*00 

Difference— 





—88*88 

+e-84 


U/P ratios—-87. 
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The Calcium and Phosphorus Content of Hay. 


No. 

Description 

Total 

Aah 

Silica- 
free Ash 

100% Dry 
matter basis 

Uniform 10% 
moisture 

Ratio* 



CaO 

P.0, 

Ca 

P 

Ca/P 

57 

Timothy and Cocksfoot . 

/o 

6*25 

% 

3-78 

0/ 

/o 

•32 

% 

•49 

% 

•21 

% 

•19 

11 

58 

Meadow Hay . 

7*55 

5*60 

*84 

*36 

•54 

•14 

3*8 

59 

Italian Rye 

705 

4*01 

•49 

* *47 

•32 

*18 

1-8 

60 

Italian Rye and little 

5'16 

4*36 

*78 

*38 

•50 

•15 

3-3 

61 

Glover. 

Timothy and Cocksfoot . 

7*01 

4*73 

*64 

•54 

•41 

•21 

1*9 

63 

Meadow Hay . 

592 

4*22 

*59 

•46 

*38 

•18 

21 

64 

Meadow Hay . 

5-38 

4-57 

1*26 

*41 

•81 

•16 

50 

65 

Italian Rye and Clover . 

5-99 

4*67 

M7 

*39 

*75 

•16 

4-7 

66 

Cocksfoot, Timothy and 

5*54 

4*31 

*65 

*53 

•42 

•31 

2*0 

67 

Clover. 

Italian Rye, Timothy, 

6*06 

3*40 

*60 

*40 

•39 

•16 

2-4 

68 

Cocksfoot. 

Canadian Timothy . 

6-41 

3*09 

*60 

*46 

•39 

•18 

2*2 

69 

Italian Rye, little Clover . 

5-08 

3*60 

*86 

*33 

•55 

•13 

4-2 

70 

Meadow Hay . 

1010 

7*17 

1*91 

•48 

1-23 

•rt 

6*5 

71 

Clover and Italian Rye . 

6-75 

5*75 

1*48 

*49 

•95 

•19 

5-0 

72 

Italian Rye 

5*76 

3*66 

*62 

*41 

•40 

•16 

2*5 

73 

Meadow Hay . 

6*92 

4*63 

1*04 

•44 

•67 

•18 

3-7 

74 

Clover and Italian Rye . 

7*47 

6*23 

1*25 

*40 

•81 

•16 

50 

75 

Clover and Italian Rye . 

7-44 

6*67 

2*21 

•58 

1 - 4 $ 

•23 

6-2 

76 

Meadow Hay . 

5-52 

4*49 

*86 

•62 

•55 

•25 

2-2 

77 

Meadow Hay . 

0*19 

4*26 

•55 

•55 

•36 

•22 

1*6 

78 

Meadow Hay . 

7*82 

: 

4*89 

M3 

•51 

•72 

•20 

8*6 

10 

Meadow Hay . 

6*18 

4*00 

1*18 

•44 

•76 

•18 

4-2 

16 

Meadow Hay • . . 

7*32 

4*99 

*91 

•55 

•58 

•22 

2-6 

17 

Clover Hay . 

6*78 

5*28 

2-04 

, 

•48 

1-34 

•19 

7*0 
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The Calcium and Phosphorus Content of Hay —oontd. 


No. 

Description 

Total 

Ash 

Silica- 
free Ash 

100% Dry 
matter basis 

Uniform 10% 
moisture 

Ratio 




CaO 

P a o s 

Oa 

D 

Ca/P 

18 

Clover Hay 

7-14 

0*35 

1*57 


1*00 

•18 

5*5 

10 

Clover Hay 

6-47 

5*74 

2*30 

*29 

1*48 

•11 

13*4 

31 

Meadow Hay . 

4*71 

3*47 

*51 

•63 

*33 

•25 

13 

40 

Meadow Hay . 

6*99 

5*60 

*76 

*75 

*49 

•29 

1-7 

41 

Italian Rye, Timothy 
Clover. 

7*70 

5*61 

1*08 


•70 

•27 

2*6 

21 

Italian Rye 

4*80 

3*09 

*68 

*36 

•44 

14 

31 

22 

Italian Rye and Clover . 

4*45 

3*14 

1*00 

*34 

•64 

•14 

4*6 

23 

Italian Hye 

3*73 

2*67 

*51 

*32 

*33 

13 

2*5 

46 

Italian Rye and Clover . 

. 6*79 

3*41 

1*14 

•36 

•73 

*14 

5*2 

461 

Italian Rye, lees Clover . 

4*61 

2*43 

*61 

*33 

*33 

13 

2*5 

46 

Italian Rye and Clover 

4*72 

3 45 

*72 

•33 

•46 

13 

3*5 

47 

Meadow Hay . 

5*53 

4*49 

•66 

*57 

*43 

•22 

20 

80 

Clover Hay . 

8*89 

7*33 

1*78 

*69 

113 

•27 

4-2 

81 

Italian Rye and Clover 

6*10 

5*24 

1*34 

*38 

•86 

•16 

5*7 

82 

Cocksfoot and Italian Rye 

6 73 

4*72 

*60 


*39 

•18 < 

2-2 

83 

Italian Rye . ^ . 

4*97 

3*78 

*69 


•44 

•15 

2-9 

86 

Italian Rye 

5*81 

4*86 

*62 


•40 

*20 

20 


Mean values 

•• 

• • 

0*99 

; 

0*46 

0*63 

0*20 

*• 


supply the tissues with that which is laoking in the food. This, in its turn, leads to 
a breakdown and discharge of associated osseous mineral constituents; thus a 
shortage of one mineral in the food may have far-reaohing effects. The importance 
of avoiding a marked calcium-phosphate imbalance, with a preponderance of phos¬ 
phate coupled with vitamin A deficiency, in connection with the formation of stone 
in Indian oattle has been clearly demonstrated by MoCarrison. u MoCarrison’s 
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inveitigitioni will surely do muoh to oonvinoe the surgeon and the pathologist of 
the important part that oorreot feeding may play in preventing disease. 

A factor whioh surely must be of significance in mineral assimilation is the 
water-supply and its method of intake. Experiments have been conducted to assess 
the value of a constant supply of water to cows in regard to increasing the milk 
yield, but the extraction of the ultimate half-gallon of milk from a cow is not the 
be-all and end-all of dairy husbandry. While the introduction of water-bowlB may 
not, in certain instances, have caused an increase in the milk yield, olinioians and 
farmers know that this rational method of watering has undoubtedly improved the 
health of stock and reduced, on many farms to a considerable extent, the incidence 
of gastro-intestinal disturbances and, therefore, one may assume that it has a bene¬ 
ficial effect on mineral metabolism. 

The value of good hay to cows, and to horses, is not restricted to its energy 
and mineral content As is now well-known, the importance of good haymaking 
lies not only in securing a crop with a plentiful supply of digestible nutriment but 
also with its vitamin content as little impaired as possible. And one must keep in 
mind that because a high percentage-assimilation of calcium and phosphorus may 
be obtained in the West, with timothy hay or alfalfa grown and harvested under 
good climatic conditions, it is not necessarily the case that similar results would be 
obtained with muoh of the hay harvested in Britain. We do not know what the 
vitamin content of British hays is; in certain seasons one could soaroely expeot it 
to be high. G. V. Hart 14 disoussed the importance of vitamin conservation in hay at 
the reoent International Veterinary Congress and showed that excessive weathering 
materially reduces the anti-rachitic D factor. In this connection the experimental 
work on the Nutritive Value of Pastures by Woodman, Blunt and Stewart 15 and 
other workers at Cambridge and the investigations of the Imperial Chemical Indus¬ 
tries, Ltd., into the methods of drying young grass are of foment and promise to 
be of great benefit to stock in the near future. 

It is significant that many horse-owners in this oountry show a general prefer¬ 
ence for Canadian timothy hay and Western grown oats in place of British hay and 
grain, which horses seem to find less palatable. It is also known that dairymen 
prefer hay grown in certain districts to that obtained from others. The preference 
for Western hay and grain cannot be attributed to any differences in the mineral 
content, except in the case of alfalfa, but the British dairymen’s .preference for 
certain regional fodders is probably due to differences in total nutriment including 
minerals rather than to a higher vitamin value. As an instance of this, reference 
may be made to three lots of Italian rye grass hay, Nos. 21, 22 and 23. These were 
the first three prize crops grown in a certain area in Sootland and surprise having 
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been expressed regarding their general poverty in protein, soluble carbohydrates 
and silica-free ash, the information was given that the dairymen in Edinburgh 
recognise that this type of hay gives poor results when fed to their cows. This 
opinion was supported by a well-known pedigree stock-breeder who stated in reply 
to an inquiry that these hays *‘ were no use at all.” It is to be noted that all three 
samples are deficient in silica-free ash as well as being deficient in total nutriment. 

The fact that Theiler, Green and du Toit 16 have stated that the requirements 
of cattle in South Africa for vitamins, A, B and 0 are slight and readily supplied 
by roughage does not neoessarily mean that this applies to cows in Britain, and in 
regard to D it is more than probable that, lacking sunlight, an additional supply 
throughout the winter months would be helpful. Investigators are in agreement 
that the addition of green and other succulent foods is an aid to calcium assimila¬ 
tion and, long before scientific experimentation as we now know it was undertaken, 
the beneficial effeots of grass, roots and carrots were well known to stockowners, in 
particular to town horse owners and clinioians. The addition of vitamin D to the 
diet of cows is becoming more general and because of this the work of Harris and 
Innes 17 should be carefully considered. 

Harris and Innes (1931) working with rats and rabbits have produced evidence 
supporting tiie theory that vitamin D exerts its aotion by raising the blood Ca 
and/or P, so giving rise to increased oaloification. The addition of vitamin D 
causes an increased net-absorption of Ca and P from the gut with consequent 
hyperoalonmia and/or hyperphosphatemia and resultant calcareous deposition in 
the soft tissues. While at first this excess of vitamin serves to promote osteogene¬ 
sis in the later stages the shaft of the bone acts as a further reservoir of these 
minerals. In the case of the low calcium diets the bones are the main source of the 
oaloium and phosphate; generalised osteoporosis resulting from excess D feeding. 
Two methods of mobilisation are therefore involved, depending on the Ca and P 
content of the diet and the degree of excess of the vitamin D. 

One oan but state here briefly that the results of this work indicate that the 
provision of an adequacy of calcium and phosphorus in the diet is of equal import¬ 
ance as a sufficiency of vitamin D. Also that it leaves one with the impression 
that the administration of vitamin D to cows must only be undertaken when the 
oaloium and phosporus content of the whole diet has been duly considered. The 
necessity for taking care in the administration of vitamin D has also been empha¬ 
sised by Steenbook and Wiriok 18 who state that excessive quantities in the diet may 
cause harmful results by the deposition of oaloium in the soft tissues. 

The use of ood-liver-oil as an anti-raohitio agent and also for its anti-infective 
powers is beooming general. Professor Wm. Mitchell found ood-liver-oil to have a 
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marked beneficial effect on box-fed sheep, preventing and curing rickets, and also 
that it removed the “ stiffness ” of cattle associated with winter feeding in courts. 
Some investigators have found it to have a depressing effect on milk yield. 
Woodman and Evans found that it impaired the appetites of experimental sheep 10 
and that it did not cause an increase in 'calcium assimilation, notwithstanding the 
fact that the animals must have been, as they Bay, in need of skeletal calcium. On 
the other hand, veterinarians and farmers do not appear to have experienced any 
difficulty in getting stock to consume a reasonable amount. Cod-liver-oil would 
appear, then, to be a useful supplement to the winter diets of cattle, but at the 
same time care should be taken to see that the ration is liberally supplied with 
calcium and phosphorus. What constitutes a “ sufficiency " of either calcium or 
phosphorus for dairy cows does not seem to bo known. Indeed, the factors making 
for a good assimilation are of such a nature, and so little understood, that no rigid 
standard can be laid down. 

To the veterinarian the real matters at issue are the extent to whioh dairy oows 
are subjected to oalcium and phosphorus deficiency and if the health of the cows 
and their capacity for breeding healthy calves are being impaired. Estimations have 
been made of the assumed Iobs of calcium from the body during a lactation period, 
this has been put as high as 25 per cont. of the total bone reserves, whioh may or 
may not be made good during the dry period and when the animals are at grass. 
It seems almost incredible that a cow could lose one-quarter of the calcium from 
her bones without exhibiting some olinical evidence of the fact; yet we do know 
that great ohanges can take plaoe in osseous tissue and remain unsuspected. 

Calcium deficiency has been held responsible for many bovine ills, including 
retention of the placenta, an increased susceptibility to tuberculosis, abortion and 
sterility. What evidence is there in support of these contentions ? 

This Conference offers an opportunity for discussing these matters and bringing 
to the front the much-needed clinical evidence of true calcium deficiency in British 
cattle, if suoh exists. In writing this paper the intention has not been to produce 
either new facts or new theories, but rather to invoke discussion among practition¬ 
ers of a subject that hitherto has been somewhat obsoure. 
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UNDULANT FEVER IN MAN AND ABORTION DISEASE 

IN CATTLE. 

Some Facts that the Consumer and Producer of Milk and the Breeder of Cattle 

Should Know. 

BY 

E. T. HALLMAN AND E. L. ANTHONY 

(Reprinted from Ciroular Bulletin No. J28 of the Agricultural Experiment Station, 
Michigan State College of Agriculture and Applied Science , Animal Pathology and 
Dairy Sections, East Lansing Michigan , December 1929.) 

During the past few months, much publicity has been given to the problem 
of undulant fever in man. Some of this publicity has left the lay reader with the 
impression that the disease in man comes wholly from the consumption of raw milk 
from abortion-diseased cows. The available knowledge at this time indicates that 
this is not true. Just how much undulant fever there is in this country at this 
time no one can say. (In 1928 and the first five months of 1929, there was a total 
of 1,034 cases reported from 42 states.) Also, it is impossible, with the available 
knowledge, to point to the most common source of infection. 

Probable Animal Carriers. 

In order to get a broader perspective of the problem, it is necessary to know 
that there are now recognized three types of the germ that may cause undulant 
fever in man : 1st, the goat type ; 2nd, the cow type; and 3rd,“the pig type. In 
those countries where goats are extensively used for milk production, undulant 
(or Malta) fever has been recognized for many years. No one at this time is in a 
position to state definitely which type of the germ is the most frequent cause of the 
disease in man in the United States, Hardy, of the Hygienic Laboratories and 
Department of Preventive Medicine, College of Medicine, State University of Iowa, 
isolated 28 strains from humans, 21 of which he considered to be of the pig strain. 
However, of 22 strains isolated by Huddleson from cases in Michigan only one 
was considered by him to be of the pig strain. Because of the apparent wider 
distribution of the cow type in America, it has been the opinion of most investiga¬ 
tors that this type is the most frequent cause of the disease in man. As indicated 
above, no one at this time can difinitely point to all possible sources of infection 
por point out the most important one. The available information, though limited 
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in amount, indicates that the consumption of raw milk is not as important a source 
of infection as others. In abortion-diseased cows, the organisms arc present in 
the udder in only about 50 per cent, of the cases, and in these as a rule only in 
relatively small numbers. With the exception of Texas, Arizona, and New Mexico, 
the goat type is probably not important as a cause in the United States. The 
general opinion is that man is most susceptible to the goat type. However, it has 
been found that the guinea pig and monkey are more susceptible to the pig type, 
and there is an increasing opinion that man may also be more susceptible to the 
pig type than to either of the other two types. 

Apparent Low Susceptibility of Man to infection from Milk. 

The limited data at hand seem to present further evidence of the relatively low 
susceptibility of humans to the infection in milk. Huddleson and Orr made a 
study of 500 inmates of a state institution. This particular institution was selected 
because raw milk was made a part of the daily diet of the inmates. The milk and 
cream supply was produced entirely by the dairy herd belonging to the institution 
During the past few years, practically all the herd had been infected with con¬ 
tagious abortion, and the abortus bacilli could be readily isolated from the milk. 
Most of the inmates who were studied hail been in the institution for several years 
and therefore had been exposed to infection during their entire stay. Two hundred 
and fifty men and 250 women were included in the study. Only three inmates 
gave a suspicious reaction to the test and four gave positive reactions. Of the 
four, three were women and one was a man. Only one of these had a clinical case of 
the disease. The abortion organism was isolated from this case. 

Evidence Indicates disease an occupational one. 

There is no evidence that human males are more susceptible to the infection 
than females, yet Hardy states that among the farm residents there were nine 
times as many cases among men as among women. There is no reason to assume 
that women consume less milk than men. The evidence seems to indicate that 
contact with infected animals is a greater source of infection than the consumption 
of milk. Hardy reports on a study of 222 cases in Iowa with reference to occupa¬ 
tion. He found the incidence of undulant fever in towns of less than 5,000 popula¬ 
tion to bo 8'3 persons per 1,00,000 population. Among the rural population, it 
was 11*4 persons per 1,00.000 population. Among packing house employees it was 
287'5 persons per 1,00,000 population. However, the milk consumed by rural 
population and by the population of towns of 5,000 and less is as a rule raw. The 
fact that the prevalence of undulant fever among packing house employees is 25 to 
30 tinges as great as that among raw milk consumers leads to the belief that this 
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is an occupational disease coming from direct contaot with infected animals rather 
than through milk consumption. Even in the rural population, largely consumers 
of raw milk, it appears to be an occupational disease, since nine times as many men 
as women in rural sections have contracted the disease. 

It is our hope that the above discussion will not be interpreted as an attempt 
to belittle the importance of a milk Bupply free from the abortion disease organisms. 
No raw milk should be consumed if there is a probability that it contains germs 
pathogenic for man. However, we believe that reoent propaganda has overesti¬ 
mated the dangers of acquiring the infection through the use of milk and has 
unduly excited the uninformed consumer of milk. 

In this connection we wish again to quote Dr. Hardy who has given this 
problem as mu oh study as any one in America: “A conservative attitude is 
justified since it appears obvious that the disease is not a new ono but one newly 
recognized. In many respects the knowledge of undulant fever is very inadequate 
and one cannot wisely at this time make hasty conclusions or incriminating state¬ 
ments. Much economic waste and even impairment of human health (through a 
decreased consumption of milk) may be avoided if we are content to study carefully 
and quietly and then act wisely.” 

The Economic Importance op the Disease in Dairy Herds. 

There is an economic phase of this problem which the producer of milk and 
breeder of cattle should consider very seriously, aside from its possible relation to 
human health. 

Graham, of the Illinois Station, studied the milk records of an infected herd 
over a period of four years. He estimates that the lowered milk production of the 
aborting cow amounts to a Iobs of $54 annually, Davis, of the Nebraska Station, 
is quoted as estimating the annual loss per aborting cow in the Station herd at $107. 
White and other investigators of the Storrs, Connecticut, Station have reported on 
a study of this problem extending over a period of eleven years. They estimate 
the annual loss per reacting cow at $44 01; $28*41 of this amount was the estimate 
due to loss in milk production. It should be noted that this estimate is made on 
the reacting cow and is not limited to the aborting cow. Not all reacting cows 
abort. If the lowest estimated economic loss is applied to the situation in Michigan 
at this time, with a conservative estimate of 15 per oent. infection in herds, it is 
estimated that infectious abortion is causing an annual loss to Michigan dairymen 
of no less than $5,644,000. 

It is the opinion of the Dairy Department, Michigan State College, that the 
future prosperity of Michigan dairymen will depend as much upon the steady Bale 
of surplus cattle as upon the sale of milk products. 
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Restrictions are now being plaoed on the intra-state movement of cows re¬ 
acting to the abortion test. Within the State, they can be sold only for immediate 
slaughter or to go into infeoted herds under certain conditions. Furthermore, at 
this time 15 states have laws or regulations prohibiting the shipment into the state, 
except for immediate slaughter, of oattle which react to the abortion tests. It is 
predicted that within two to five years every state in the Union will have such 
laws or regulations. It is obvious that if Michigan breeders are to have a favourable 
market, either within the state or in other states, for their surplus oattle their 
herds must be free of abortion disease. 

What Michigan Dairymen should do. 

The Michigan cattle breeder can no longer ignore the abortion problem. 
Economic pressure is forcing him to face it. What should be done ? After many 
years of study of this problem we are convinced that the solution is the same one 
that has been used against several other plagues that threatened the prosperity 
of the cattle industry in this country. In the ’8l)’s of the last oentury contagious 
pleuro-pneumonia of cattle was stamped out of this country because it menaced 
the cattle industry. Foot and mouth disease has been stamped out on several 
occasions. Only a few counties in the southern states remain quarantined because 
of southern cattle fever, and tuberculosis will soon be eliminated from our herds. 
Michigan is almost “ over the top ” at this time with its state-wide tuberculosis 
eradication campaign. 

We are confident that abortion disease will be disposed of in the same way as 
the other serious cattle plagues which have confronted us in the past. We believe 
there is no ground for excitement over the problem. It should be faoed with con¬ 
servatism, and no drastic and hasty procedure should be undertaken at this time. 
It is none too soon, however, for the dairyman and especially the cattle breeder 
to study his herd carofully and to know thoroughly his true situation and to lay 
plans for the building up of an abortion-free herd. 

The breeder who already has a clean herd is indeed fortunate and should be 
more than careful, through the utilization of all present information, to keep his 
herd clean. To this man will come the ever-increasing demand for disease-free 
milk and replacement cattle. 

The desire to produce a healthful food product, the economy of its production, 
and the future prosperity of the dairy oattle industry in Miohigan makes a careful, 
sane, and conscientious study of the abortion problem by the dairymen of the 
state of prime importance at this time. A prompt utilization of the means that have 
been demonstrated to be effective in economically and successfully dealing with it is 
equally important. 
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[We are indebted to the Imperial Bureau of Plant Genetics, Herbage Plants, 
Aberystwyth (Wales), for the following six abstracts of current publications.] 

Sunflowers, variety and strain tests for yield. (Report of the Superintendent of the 
Cap Rouge Experimental Station, pp. 122-23, Ottawa, 193(1.) 


After it has boon decided to grow some crop for ensilage, tho next thing to find out is what 
will give tho host results, Tho following figures show that, under conditions similar to those 
at Cap Rouge, a suitable variety of sunflowers will yield more dry matter }>or acre than corn :— 


Crop. 


Sunflowers 

Horn 


j 

Raw matter 

Per cent. 

Dry matter 

]>er 

dry 

per 

acre, 

matter. 

acre. 

Lb. 


Lb. 

29,735 

21 03 

6,353 

26,098 

1814 

4,734 


Tho percentage of dry matter looks abnormally high for sunflowers and low for corn, but 
samples wore carefully taken 'and analysed at the J)ivision of Chemistry, Ottawa. Henry 
givos 12*6 for tho total digestible nutrients in 100 pounds of dry matter of sunflower silage, 
and 13*3 for immature com silago, so that the difference is negligible from this standpoint. 
It can thus be said that sunflowers may advantageously replace corn for silage purposes in 
Central Quebec, although peas and oats or green clover may still bo more profitable dh account 
of tho high proportion of protein. 

Tho table which follows givos details about varieties of sunflowers tested at Cap Rouge:— 


Variety or strain. 

Source. 

Green matter 
per 
acre. 

Per cont. 
dry 

matter. 

Dry matter 
per 
acre. 



Lb. 


Lb. 

Qiant Russian .... 

Disco 

37,177 

18-00 

6,725 

Mammoth Russian . 

MoDonald 

36,480 

15-99 ' 

5,833 

Ottawa 76 « 

C. E. F. . 

25,550 

13-75 

3,513 

Mixed Mennonite . 

Rosthom. 

21,446 

12-40 

2,659 
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The years during which the varieties and strains of sunflowers were compared are not the 
same as the ones when sunflowers and com were compared, which explains the difference in 
per cent, of dry matter in sunflowers for the two projects. 

Russian is the best variety to use, and the main point is to get the best possible strain of 
it. [Quotation in fulL] 

Stadias on the improvement of national veld pastures. A. D. Husband and 
A. P. Taylor. ( Rhodesia Agricultural Journal , Vol. 28, No. 2, pp. 
154-169, Salisbury, 1931.) 

1. The bulk of hay obtained over a period of two years from a plot which received one 
normal dressing of complete fertiliser was 132 per cent, higher per aeie than from a correspond- 
ing adjoining plot which received no fertiliser. In the latter plot the yield was just over 11/4 
tons per acre; in the former it was just over 3 tons. 

2. The crude protein content of the normal veld grass was found to be much below the 
standard of a natural average European grass. It was highest in «January, with a total of 7-40 
per cent., after which it rapidly declined to the miserable figure of 1*73 per cent. 

3. Monthly clipped gra^s intended to simulate close grazing, have much higher figures, 
rising to 10*79 per cent, crude protein at the beginning of Match, and only falling to 9*09 per cent, 
in April, when the rains had virtually ceased. 

4. The phosphatic content of the young grass, grazed monthly, was strikingly higher than 
that of the mature herbage. The former reached its summit in March with *841 per cent, 
phosphoric oxide, which is more than timos the amount contained in the mature grass 
on the same date. 

The phosphoric oxide in the mature grass was low throughout, decreasing rapidly after 
the dry season commenced. 

5. The remaining mineral analyses indicate that our natural grasses suffer from a decided 
deficiency, but that this deficiency, though not so pronounced m tho early part of the season, 
becomes extremely so in most instances from the month of Marcli onwards. 

Further, by a system of close grazing, the total minoral content steadily increases up to 
at loast the month of April. 

0. Ether extract is consistently low and crude fibre very high, but tho latter lowers steadily 
under a close-grazing practice. 

7. The nutritive ratio of tho mature herbage widens from 1 : 11*4 at the height of the grow, 
ing soason in January to the appalling ratio of 1: 53*4 in October, tho average from May to 
November boing 1: 48*8. 

On the other hand, the close-grazed quadrats show an average of 1 : 10. the ratio narrow¬ 
ing to the useful one of 1: 7*3 in March. 

The importance of the shape of plots in field experiments. Basil G. Christidis. 
(.Journal of Agricultural Science, Vol. 21, Part 1, pp. 14-37. Cambridge, 
1931.) 

1. In agricultural experiments it seems that significant rosults can not be seoured by only 
Using appropriate statistical methods; uniformity amongst the individual plots i<i more essen¬ 
tial than Anything else. 
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2. Some theoretical considerations suggest that the shape of the plots constitutes an im¬ 
portant means of controlling soil heterogeneity. In accordance with these: (a) in no case 
can square plots be more uniform than long and narrow ones; (b) the smaller the value w/1 
the more uniform the experimental plots, and (c) since uniformity depends (apart from w/1) 
on the value of the angle “ a” in some exceptional oases (soil fertility varying gradually and 
evenly, and angle “ a ” approaohing 90°) the advantage of the long plots may be less than 
would be anticipated. This, however, is most unlikely on account of the complexity of the 
variation in soil conditions and the possibility of easily avoiding such a critical value of the 
angle “ a”. 

3. In order to test the validity of the assumptions made regarding the effect of the shape 
of the plots, the numerical data of severed uniformity trials have been considered. A dose 
agreement was found between expectation and actual results in the great majority of cases 
the evidence being remarkably significant in favour of the long plots. In only three cases 
were the results inconclusive, this apparently being accounted for by the way in which the 
original plots were formed, causing an inequality in area amongst them. 

4. In the light of these investigations, in order to reduce the effect of soil heterogeneity, 
the plots used should be as long and narrow as possible. This, of course, within the limits set 
by different practical considerations, amongst which convenience, competition (when acting), 
and the accurate measurement of the width appear to be the most important. 

Ueber das Brreiohte and nooh Erreiohbare der Fatterplansenzaohtimg in osthwaMen. 
(Forage plant breeding in East Prussia, what has been attained and what 
remains to be done.) Fbldt. (Mitt. d. Ver. z. Ford. d. Moorkuttur i. Deut. 
Reiohe, Vol. 49, No. 1, pp. 7-14, Berlin, 1931.) 

The author draws attention to a Law of Nature, which runs: “ Every bred strain gives 
its maximum yield only on that climate from which it emanates,” and points out the futility 
of breeding on one type of soil forage plants destined for use in a province consisting of at least 
fifty different soil types, each of which requires a special form of plant. If for the pAsent it 
remains impossible to establish breeding centres upon the fifty different soil types, at all events 
the six principal types should be worked upon, namely, sand, middling soil, olay soil, normal low- 
lying moorland, low-lying alluvial moorland, and high moorland. (The present East Prussian 
breeding station is situated on slightly loamey sand.) In recognition of this principle breed¬ 
ing was started some years ago on marshland subject to periodical flooding with valuable 
results. It should be possible to produce forms suited not only to the different soil types, but to 
different purposes. The forms desirable for East Prussian conditions are enumerated and the 
work being carried out at the East Prussian Breeding Station at Konigsberg is described. 

The mini soybean, a superior new variety, Effects ot inoculation and liming on 
soybeans, pp. 12 and 14. [lava Agricultural Experiment Station,*Annual 
Report, 1980, Ame, Iowa, 1930.) 

The IUini soybean , a superior new variety . 

The Illini, a new variety of soybean developed at the Illinois Experiment Station, has been 
tested at the Iowa Station during the past two years and is apparently superior to any of the 
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varieties grown in Iowa at present. The results indicate that the Hlini may be expected to 
yield at least 10 per cent, more than the varieties now grown. It is believed to be well suited 
for general planting throughout the state. (Quotation in full) 

Effects of inoculation and liming on soybeans . 

The effects of inooulation and liming have been studied on soybeans grown on Grundy silt 
loam, an aoid soil extensively developed in Bouthem Iowa. The inoculated plots yield twice 
as much hay and about three times as much seed as the uninoculated plots. The protein con¬ 
tent of the hay was doubled and that of the seed was increased one-third by the inooulation. 
The increases in yield and in protein content of soybeans with inoculation were greater when 
the soils had received sufficient lime to neutralize the acidity. (Quotation in full) 

Laoerne breeding. R. E. Dwyer. (Agricultural Gazette of New South Wales , 
Vol. 42, Part 1, pp. 49-52, Sydney, 1931.) 

The oulture of lucerne has extended rapidly during recent years on upland soils in^drier 
and colder districts on the Western Slopes and Tablelands of New South Wales. It is now 
largely grown as a grazing crop on typical wheat soils, where the rainfall is over 20 inches. 
With this rapid extension of lucerne growing into different climatic and soil conditions there has 
arisen a definite need for the development of breeding of types and strains which are adapted 
to these conditions. 

The close inspection of lucerne fields readily reveals marked variations between the indi¬ 
vidual plants in habit, leafiness, type, and vigour of growth, etc., and the aim of the breeder 
is to Becure a strain which will uniformly reproduce the type and vigour of the best plants in 
such a field. This cannot bo done simply. Lucerne is to some extent cross-fertilised, and 
the selection of seed from the best individual plants in a field will only reproduce the hetero¬ 
geneous types of which the original field is composed. 

Continued selection in self-fortilised lines is regarded as the best basis of improvement, and 
the experience with this method at Bathurst Experiment Farm during the past three or four 
years is given. (Author*s summary.) 


Effect of season of Calving on Milk Yield and Calving period of Montgomery cows. 
L. S. Joseph and 0. N. Dave. (Ini. J. Vet. Science and Anitn. Rush. 1, 

212 .) 

With the object of studying the relationship between yields per laotation and intervals 
between successive calvings, and the effoet of the season of oalving on milk yield, 11 years’ 
records of the Pusa Pedigree Sahiwal herd were gone through. They lead to the following 
inferences: 

1, The month of oalving and the milk yield indicate no oo-relation although the autumn 
or rain oalvers show a decrease in the average lactation yield, whioh may probably be attri¬ 
buted to change in olimatio conditions whioh prevent the animals from taking regular exercise 
in the open air. 

2. The average oalving period along with the wet and the dry periods remain unaffected 
irrespective of the season of oalving. [L. S. J. and C. N. D«] 
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The Diagnosis ol Johne’s Disease—Some Experimental Results using a “ Bowel¬ 
washing ” method. Hugh Cooper and M. K. Srinivasan. (Ind. J. 
Vet. Sci. and Anim. Husbandry, 1, 215.) 

Johno’s disease is a chronic affection of the intestine of cattle due to a specific organism. 
Spread of iho disease is very slow and diagnosis of it beoomes one of the most important con¬ 
siderations in attempting its control, it is believed that the disease is much more prevalent 
among cattle in India than is at present realised. Animals in good condition and apparently 
quite healthy may be infected and capable of spreading the disease in a herd at least several 
months lxdore clinical symptoms of the disease attract the attention of the owners. Tho 
technique of methods used in the diagnosis of the disease with some experimental results con¬ 
cerning a useful new mothod aro included in the article. [11. C. and M. K. 8.] 

Studies on Platyedra gossypiella, Saunders, in the Punjab, Part It—The souroes of 
Platyedra gossypiella infestation. M. Afzal. Husain, S. S. Btndra, Ladha 
Ram, Ganda Ram and Dkv Raj. ( I . J . Agri . Sc . 1,204.) 

In the Punjab Platyedw go^sypidla infestation ib carried fiom ono year’s cotton crop to 
that of the next by the long-cycle ^oims. The survival of the long-eyelers, therefore, iB of im¬ 
portance in the incidence of attack. The hibernating caterpillars may be found in :— 

1. bolls present on plants loft standing after harvest; 

2. fallen bolls lying on tho soil; 

3. bolls or cotton-seeds buried under ground ; 

4. cotton and cotton-seeds taken by rats and mice into their burrows ; 

5. bolls on cotton-sticks storod for fuel; 

6. ginning trash; 

7. stored kapas ; 

8. storod cotton-feoods; 

9. seeds sown ; 

10. alternative food-plants. 

In 1 and 2 all tho caterpillars die on account of sun-heat before May; in 3 only an occa¬ 
sional moth emerges; in 4 all the caterpillars aro eaten up; in 7 very little Kajxib is left unginned 
after June; 9 and 10 are not important sourcos of re-infestation. It has been found that 5 
and 6 are subsidiaiy sources of infestation, while 8—stored cotton-seeds—in which a very high 
percentage of long cyclers survives, is the main source of infestation. 

Sun heating of the ootton-sood is an effective method of killing hibomating caterpillars 
in seed and can be widely applied in the Punjab. In the ginning factories the treatment of 
seed by heat or vacume fumigation should bo made compulsory. 

The inheritance of characters in Setaria italics (Beauv.), the Italian millet. Part L— 
Grain colours. G. N. Rangaswami Ayyangar and T. R. Narayanan. 
(I. J. Agri. Sci. 1, 587.) 

Six grain colours have boon noted in Setaria italica . Those fall into two groups (a) Black, 
Tawny Buff, and Korra Buff, and (b) Sepia, Bod and Tawny Red. A factor K (after Korra, 
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(he Telugu name for this millet) is presont in group (a) and absont in group (b). In each of 
these groups the basic colours Tawny Rod and Korra Buff, with the addition of a factor I, 
turn into Rod and Tawny Buff. This Red and Tawny Buff with the addition of another factor 
B turn into Sepia and Black respectively. Factor B has an individuality, but its presence is not 
visiblo except in association with 1. 

Tho behaviours of over live hundred families aro presented in support of the above hypo* 
thesis. Three sots of artificial crosses furnish confirmatory evidence. [G. N. R. and T. R. N.] 

Inheritance oi Red Corolla Colour in some Indian Cottons. G. L. Kottur, 
B. B. Mundkur and S. S. Maralihalt.i. (hid. J. Agri. Sci. 1, 578.) 

This article repoits on the inheritance of red anthocyanin pigment present in tho petals 
of some Indian cottons. One cross was made with a yellow-flowered tyjic as the female parent. 
In the F| generation, red colour of tho corolla was found to be dominant, though some dilu¬ 
tion of tho parental colour was apparent. In the F a generation the segregation was on the 
basis of a simplo Mondohan ratio. In the other crosses where a white-flowered type was used, 
and of which there wore two crosses under study, F t generation reaction of petal colour was 
as in the previous ease but in the F a piogcny inheritance was on the basis of a 9 : 3 : 3 : 1 ratio, 
the segregates being iod, pink, yellow, and white' respectively. F s generation segregations 
were according to expectations. It is concluded that there are two factor pairs, one for pink 
and the other for yellow, the presence of both being necessary for the production of red colour. 
Tho white flowered varieties are double recessives, while the yellow-flowered one had the 
dominant yellow factor and also the other recessive factor. |G. L. K., B. B. M. and S. S. M.] 

A Bacterial White Soft Rot of Turnip. Harihar Prasad. (Ind. J. Agri. 

Sci. 1, 534.) 

A white soft rot of turnip was noticed at Pusa in February, 1931, doing considerable damage. 
The disease apjiears in any pait of tho roots and may be caused by wound either during inter¬ 
cultivation or by insects. The symptoms of the disease and the descriptions of tho causa¬ 
tive organism differ in some ros|Hicts from the published description of similar diseases olf turnips. 
Tho causative organism is Bacillus aroidecc Townsend. Rotation with other crops, the fruits 
of which do not come in contact with soil, is suggested as a preventive measure. [11. P.J 

Effect of Mosaic Disease on the Yield and the Juice of Sugaroane in Pusa in 1931. 

W. McRae (Ind. J. Agri. Sci. 1 , 527.) 

Though in tropical lands noble canes infected with mosaic disease show a great reduction 
in tonnage and considerable reduction in available sucrose, yet, with the exception of Homja, 
the thin canes of northern India that are infected do not show striking reductions of this kind. 
Eye observation of the standing cane does not reveal any marked difference in tonnago though 
there is a belief in the mill that the available sucrose is reduced. In Pusa for the last year or 
two, the amount of spread in the growing orop has been small so conditions seemed to be favour¬ 
able for a field-experiment consisting of a series of adjacent pairs of plots of mosaic-infected 
and mosaic-free cane. In 1930 accordingly plots of Coimbatore Seedling canes Co. 213 and 
Co. 215 were laid down so that differences could be more accurately determined. The former 
is the cane that has found favour in the white-sugar tract of north Bihar and Co. 205 was a good 
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cane for the poorer olass of land though it has fallen now into disfavour because of its high fibre 
oontent* 

The mosaic-infeo ted oane was taken from plots wholly infected with the disease and setts 
were out from canes whose leaves showed mosaic markings at the time of harvest. Thus there 
was no doubt about the cane being infected. The mosaic-free cane was taken from plots that 
were frequently observed during the growing season and wore found to be entirely free from 
the disease and setts were cut from canes that at the time of harvest had no mosaic markings 
on their leaves. Thus the cane was definitely known to bo mosaic-free when planted. 

The area in which Co. 213 was planted was good, even, heavy land suitable for growing oane 
while that in which Co. 205 was grown was light high land, rather lighter than is considered 
good for oane but it was the only site available seeing the main cane area had to be protected 
from the disease. There was extremely little damage done by other diseases or by ingeots 
and animals so in these respects the experiments were wonderfully fortunate. 

During the season a small amount of infection spread to the mosaic-free plots. In the case 
of Co. 213 it amounted to 01 per cent, and of Co. 205 to 0*7 per cent. These amounts are far 
too small to have any appreciable effect on the yield. It is indeed this low rate of spread that 
has rendered the experiment practicable in its present form. 

After leaving out sufficient cane round each plot to eliminate edge effect, the 10 pairs of 
plots were each 150 by 21 feet in the case of Co. 213 and the eight pairs of plots were 120 by 
12 feet in the case of Co. 205. 

The mean average weights of stripped cane in maunds were— 

Mosaic-free. Mosaic- Deficient, 
infected. 

In Co. 213 • • 48*80 46*65 2*2 or 4*6 per cent. 

In Co. 206 • . . 8*53 7*79 *74 or 8*6 per cent. 

Thus the reduction in tonnage iB comparatively smalL With regard to the juioe it became 
evident that equal weights of mosaic-infected or mosaic-free cane produced equal quantities 
of juice, and that in Co. 213 the sucrose and purity were slightly reduced while the glucose was 
higher but in Co. 205 the differences were too small to be significant. 

These results may be taken as applicable to Coimbatore seedling canes in north Bihar and 
the adjacent tracts of the United Provinces but they may or may not be applicable to the rest of 
Northern India. Experiment alone in several places can settle this point. The conditions 
in South and Western India are so different that these results oan hardly have any value there 
and it is possible and perhaps likely that greater losses may occur both in tonnage and quality 
of juioe. [W. M.] 

Call Bearing. E. J. Sheehy. (Paper read before the Congress of the Irish 
Dairy Shorthorn Breeders’ Association, January 1931, at Limerick.) The 
Farmers' Gazette . January 17,1931. 

I.—Cause, Prevention and Treatment or Nutritional Sooub. 

For the purpose of some feeding experiments on oalves oonduoted daring the past three 
years it was necessary to purchase a considerable number of “ dropped,” i.e., newly-born. 



ABSTRACTS 


699 

oalves from oalf dealers* The intention was to rear all the animals on whole milk, followed 
by some separated milk, up to the ago of six weeks, at which age the experiments proper were 
planned to begin. Very great difficulty was met with in the rearing ; a considerable number 
of deaths took place in the first year, and some occurred in the second. The problems of rear¬ 
ing were, therefore, taken in hands experimentally, and a solution of the principal difficulty, 
namely, the occurrence of nutritional white scour, i.e., diarrhoea, due to incorrect feeding, 
was sought. A fairly large proportion of the calves born throughout the country each year 
die in the baby stage, and it is common knowledge that deaths among bought-in dealers’ oalves 
are, in proportion to their numbers, very much greater than in the oase of those bom on the 
farm and fed on their mothers’ milk. In oertain parts and on certain farms the losses are 
colossal, in some cases the casualties amounting to 100 per cent. It would be very interesting 
to have an estimate of the number of deaths among young calves annually, but, in tho absence 
of any definite information on the subject, I venture to think that tho amount of money lost 
to the farming community as a whole through deaths in calves would amount to a very high 
figure. The question will be immediately asked : Are such losses preventible, or, at least, 
can their number be reduced to a much lower figure ? 

Before replying directly to that question, it is necessary to investigate the cause or oauses 
of death and tho circumstances under which on certain farms casualties are greater than on 
others. The experimental evidence from the University Farm at Glasnevin throws much 
light on the subject in so far as one cause of death which is responsible for a high proportion 
of the casualties is concerned. In December, 1928, twenty-three freshly-dropped oalves 
were purchased and housed in comfortable and clean pens. They were fed twice daily, eaoh 
calf receiving 4 pints of milk for the first few days, 6 pints—3 pints each feed—per day 
for the remainder of the first week, 7 to 8 pints thereafter until the end of the second week, 
increasing up to 10 pints daily subsequently. It should be mentioned that more than 50 per 
cent, of the calves had not received colostrum or biestings before arriving at the farm, 
and that the milk thoy received during rearing was from a group of cows which were nearly 
half-way through their lactation period. Though carefully managed, quite a number of calves, 
soon after arrival, developed colds, which, however, could not be accounted for by a possible 
chill during transit, because in many cases a week or more elapsed before the symptoms of the 
cold developed. One individual died of pneumonia as a result, and another got such a severe 
set-back that he remained under-developed for a very considerable time. Though the feed¬ 
ing pails were scrupulously clean and the milk fed was freshly drawn, several of the calves 
at various stages of growth up to three weeks went off their appetite, became lethargic, and 
developed scour. Notwithstanding the application of all kinds of suggested treatment, out 
of 23 calves only 17 survived at tho end of the third week, and some of these were much the 
worse from protracted attacks of diarrhoea or scour and accompanying disorders. The fore¬ 
going, it is submitted, is not an unusual history for a batch of bought-in ” calves receiving 
ordinary food treatment. 


Experiments in 1929. 

In December 1929, a lot of twenty-nine calves was prooured under similar oiroumstanoes. 
Of these some had biestings to drink, but the majority received no food whatsoever before 
arrival at the farm. They were fed in a similar fashion to the 1928 oalves with mixed milk 
from a group of oows. On arrival, however, each oalf reoeived an ounce of castor oil, so as to 
dislodge any faeoee lying in the lower intestine, and possibly to prevent subsequent diarrhoea, 
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Colds appeared, as in the previous year, and the lack of appetite and disordered conditions 
accompanied by scour, which proved so troublesome in 1928, again developed, spasmodically 
at first, and more generally later on. 

Alteration in the Feeding. 

With the theory that the disorders above described were due in all cases to stomach irrita¬ 
tion, experimental alterations were made in the feeding. Prior to this quite a number of suggest¬ 
ed remedies, such as the boiling of the milk, the giving of boiled starch, laudanum and brandy 
(2) the internal administration of a small quantity of formalin, and so on, has been tried, but 
without definite effect. Two calves, about 12 days old, which were seriously ill and scouring 
badly, had their food altered from milk to a mixture of 50 per cent milk and 50 per cent, water, 
which was fed four times daily, one pint being given at each feed. In a short time the calves 
showed signs of relief; twenty-four hours later they were much more vivacious, and showed 
more interest in life and in the feeding pail. The ration was increased to 8 pints daily, t.e., 
2 pints at each feed, and the improvement gradually proceeded till at the end of about a week 
the calves had recovered and the scouring had ceased. 

The same experiment was repeated with like success on two other sick calves, and again 
on still two others. In this last case treatment started with the entire replacement of the milk 
by water, 2 pints of which were fed three times daily for one day, after which tho samo quantity 
of equal parts of water and milk were fed three times daily. The improvement in the calvos 
which received only water for a day was more rapid than in tho others and this was particularly 
noticeable in the vivacity of the animals. One other ill calf was similarly treated, with the 
same result. From thiB time onwards the food of all the calves in the group, with the excep¬ 
tion of two, consisted of diluted, rather than undiluted, milk, and very little trouble appeared 
among them thereafter. The two excluded animals, which were then 18 days old, were in the 
early stages of the disease condition, which had hitherto given so much trouble, and for which 
a definite cure had been found. 

In order to confirm the conclusion arrived at regarding the cause of death in earlier cases 
these two calves received all the unadulterated milk they would consume twice daily ,*so as to 
aggravate the disorder of the stomach. One animal consumed more milk than the other, though 
the appetite of both was irregular. On occasion the one would consume its full ration greedi¬ 
ly, and on a particular morning after having partaken freely tho provious evening he was found 
doad in the pen. Post-mortem examination revealed a very badly congested stomach wall, 
blood mixed with the stomach contents, and a hard mass of curd so large that it completely 
filled tho stomach cavity. Obviously the animal had died from the experimental diet pro¬ 
vided, and death was hastened by thirst, which induced him to drink more milk than his stomach 
was capable of dealing with. The second calf drank less fre?ly, and he lingered on, the scour¬ 
ing still continuing, for about a fortnight, when death occurred. Post-mortem examination 
again revealed a congested stomach wall, but only small portions of curd in the stomaoh cavity. 
The differonoe in the prolongation of life in the two oases was obviously connected with the 
amount of curd accumulated in tho alroady overtaxed and disordered stomach. 

Experiments in 1930. 

In Deoember, 1930, twenty-nine calves were brought in, as in previous years. They were 
fed, as before, on the mixed milk of five cows, which wore about three months calved. The 
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first lot of six to arrive were fed 2 pints of unadulterated milk three times per day, and this 
was to be increased to 2$ pints each feed after the first week. Notwithstanding the reduced 
quantity of milk at each feed, five of the six calves developed scour before the end of the week, 
and thereby got a very severe set-back. The treatment found so successful in tho previous 
year, namely, a dose of castor oil after at least three hours fast, followed by a diet of water only, 
fed three times per day (2 pints each feed) for one day, and a like quantity of milk and water 
in equal proportions for the next couple of days, was immediately adopted with success. A 
suitable dose of castor oil is 1 ounce for an animal a week old, 11 ounces at the age of two weeks, 
and 2 ounces by the end of the third week. The next lot of twelve calves to arrivo were given 
milk and water mixed in the proportions of 5 to 1, and fed three times daily. Much less troublo 
was experienced with this lot, but, nevertheless, some cases of soouring did develop. These 
were successfully treated by a dose of castor oil and water, followed by the 50-60 milk and 
water. Occasional cases of off appetite and scouring continued to appear, and it was decided 
to dilute the milk much more. 


New system of feeding. 

Thoncoforward all tho calves on hand, as well as other eleven which arrived, were given 
at each feed—three times daily—from J to 1 pint of boiled water mixed with its quota of milk, 
the exact quantities of fluid given three times daily being :— 

Milk. Water, 

1st week of calf s life 1J pints and f pint. 

2nd ,, ,, 2 m 1 99 

3rd i, ft 2$ ft 1 „ 

4th ft f t 3 » 1 tt 

With the introduction of this system the worry of rearing the calves ceased. Occasionally 
a calf did go off appetite, and scouring developed, but a dose of castor oil, followed by a day’s 
rations on water alone, succeeded by a few days on 50-50 milk and water, completely removed 
the trouble. Previous years’ experience taught that when a calf refused its feed, partly or 
entirely, the refusal was to be taken as a warning of impending trouble. Accordingly, instead 
of endeavouring to make the calf drink more than it wished, a dose of castor oil was imme¬ 
diately administered, and the 50-50 milk and water or water alone given for a few days, when 
appetite and normal conditions of health were restored. As a matter of fact, it was almost 
invariably found that the warning mentioned was foliowod by scouring, and by providing the 
dose of laxative, and the subsequent treatment before tho scour actually appeared, the dis¬ 
turbance, which otherwise might have continued over a week, was curtailed to a period of a 
few days. Apart from the appearance of an occasional disturbance, such as that mentioned, 
and which, when it did occur, was quite easily corrected, the new system of feeding was re¬ 
markably successful. The dull and listless eye so familiar when milk alone was fed was re¬ 
placed by an alert and lustrous one, and the improved appetite was indicated by the congre¬ 
gation of the calves round the doorway on the approach of meal time. Hitherto numbers of 
them had to be roused from a lying posture for their feed. Tho animals now showod all the 
symptoms of good health as contrasted with the evidence of internal trouble and pain pre¬ 
viously bo familiar. It should be mentioned that occasionally an affected calf got so weak 
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as to entirely lose its appetite, in which case the prescribed treatment was carried to its logical 
conclusion by dosing with water till the appetite returned. 

Imitation caused by unadulterated milk. 

The evidence clearly shows that scouring in calves is oaused, not neoessarily, however, in 
all oases, by irritation of the stomach, due to the consumption of unadulterated milk. The 
condition described in this paper must not however, be confused with the contagious white 
scour, which is due to a specific organism, whioh enters the body through the navel shortly 
after birth, or to scour due to other causes, and possibly arising from the aotivity of organisms 
in the intestinal tube. Possibly the milk of the freshly-calved cow is more easily digested by the 
stomach of the calf than is that of animals more advanced in the lactation period. The stomaoh 
irritation which is liable to be caused by unadulterated milk so accelerates the rate of move¬ 
ment of the intestino (peristaltic action) as to drive on the fluid content thereof before it is ab¬ 
sorbed. Animals which are scouring are, therefore, very poorly nourished ; hence the charac¬ 
teristic emaciated appearance. Severe irritation of the stomach, such as follows when indi¬ 
gestible collections of curd appear there, results in pain, whioh becomes acute unless the cause 
is removed. Removal of the cause consists in the giving of relief to the stomaoh, which is effect¬ 
ed by feeding the calf on either water or very watery milk. The gastric juice is thus given 
an opportunity to act on the curd, and the stomach wall is given a very necessary rest for re¬ 
cuperation. 


Summary. 

Disorders of the food tube, which culminate in scouring or diarrhoea and their accompany¬ 
ing ill effects, are, during the early weeks of the calf s life, frequently due to the feeding in large 
quantities, at long intervals, of unadulterated whole milk, which taxes the stomaoh so heavily 
that the organ becomes disorganised and ceases to function normally. The conclusion of pre¬ 
vious observers that calves which do not receive biestings at the start of life are much more 
susceptible to this disorder of the food tube, as well as other diseases, than aw biestings fed 
animals, is confirmed. The severe irritation of the stomach wall caused by injudicious feeding 
produces, by reflex action, such a rapid increase in the muscular movements (peristalsis) of 
the intestines as to cause diarrhoea. Prevention lies in the dilution of the milk with water as 
described (two or three parts of milk to one of water) the mixture being fed in the quantities 
prescribed. The distribution of the daily in-take of fluid into three feeds also helps. The cure of 
the disorder consists in dosing the calf with castor oil, limiting the food to boiled water only, 
for one day, and to 50-60 milk and water for some days thereafter till recovery is complete. 
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The Influence ol Frequency anfl Catting on the Productivity, Botanical and Chemical 
composition and the Nutritive Value o! * Natural * Pastures in Southern Australia. 

J. 6. Davies and A. H. Sim. ( Pamphlet No. 18 of the Council for Scientific 
and Industrial Research, Commonwealth of Australia, 1931). 

(1) The highest yield of dry matter is obtained from a natural pasture by allowing the her¬ 
bage to reach maturity. More frequent outting tends to reduce the yield, fortnightly cuts 
seriously depressing the dry matter produced per acre. Pasture cut throe times during the 
season yielded approximately 94 j>er cent, of the yiold obtained from one out, and produces 
horbago of higher nutritive value and lower fibre content than mature herbage. 

(2) During the gi eater part of the season, rainfall is tho most important factor governing 
the yiold from fortnightly cuts. There is a lag in the ofiect of rainfall on yield. The yield of 
a given fortnight being greatly influenced by tho rainfall during the procoding fortnight. 

(3) Throughout tho season, tomperaturc exerts a profound modifying influence, and during 
July seriously limits tho growth of tho pasturo. Towards tho end of the season both tempera¬ 
ture and rainfall become limiting factors to growth. 

(4) Severe defoliation is demonstrated to reduce the yiold of tho oroot species, whilst certain 
rosette speoies, e.g, t Erodium botrys , give a highor yield per aero when the pasture n cut at fort¬ 
nightly intervals. 

(5) The calcium content of tho herbage is high. This is attributed to the high proportion of 
species lick in lime that constituted the herbage from all series. 

(0) The different frequencies of outting do not appreciably influence the lime content of 
the herbage. 

(7) The highest production of lime per acre is obtained when tho pasture is cut at inter¬ 
vals of 6-8 weeks. 

(8) The percentage of P 2 O fl in tho herbage is low oorapared with tho percentages obtained 
from Continental pastures. It is, however, very similar to the results obtained from certain 
South African pastures. The highest production of P 2 0 G is obtained from Series 3 in 1927 
and Series 2 in 1928. 

(9) The P 2 0 5 content of fortnightly and monthly outs is almost identical. With less severe 
cutting, however, the P 2 0 8 content diops markedly to a minimum in the horbage at maturity. 

(10) The P 2 0 6 content is maintained throughout the season when the pasture is out at fort¬ 
nightly intervals. 

(11) The calcium-phosphorus ratio is very high in all eases, but is reduced when tho pasture 
is cut at fortnightly intc rvals. 

(12) The herbage fiotn fortnightly and monthly cuts is more than twice as rich in crude 
protein as the mature herbage fi*om a single cut. 

(13) The highest production of crude protein is obtained from pasture cut at 2-4 wcokly 
intervals, the higher protein content of the young herbage more than counterbalancing the 
depressed yield. 

(14) Pasture cut at fortnightly intervals is lowest in percentage crude fibre, With de¬ 
creased frequency of cutting, the crude fibre content steadily rises, 

3 M 
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Results of a three years’ study of certain Poultry Rations as they offset the Hatching 
Power o! An Eggs as well as the Number of Eggs Laid. W. B. Graham, 

J. B. Smith and W. D. MoFarlane. {Ontario Department of Agriculture 
Bulletin 362, March 1931.) 



Summary or three years’ results per cent, 

HATGRABILXTY. 

Egg 

produc¬ 

tion 

11 

months. 

Lbs. 

Average 

Total 

Ration. 

Feb. 

March. 

April. 

May. 

June. 

July, 

feed to 
produce 
one dozen 
eggs. 

feed 

consumed 

& 

JX, 

three 

yean. 

Milk, beef, C. L. O. 

76*0 

75-2 

00 

69-0 

00*6 

74-5 

105*6 

5*87 

81 

5,851 

Milk, fish, G. L. 0. 

79-2 

74 

58-8 

03-3 

07*9 

07*4 

100*0 

5*91 

82 

5,780 

HUk, irradiation . 

74*1 

77*2 

71-7 

74 

79*5 

77*1 

139*8 

7*01 

81*7 

4,782 

10 per oent. milk, 

73-4 

09*9 


54*8 

04*1 

05*4 

153*5 

0*48 

82*8 

5,480 

0. L. 0. 










*37 per cent, milk, 

76-8 

75-7 

05-8 

74*1 

80 

78*3 

158*7 

0*07 

77*8 

8,082 

C. L. 0. 










Milk, tank., 0. L. 0. 

72 

68*6 

58-7 

42-7 

65*0 

00*4 

151 

0*41 

80*7 

5,256 

Beef, 0. L. O. 

69-2 

07-4 

59-9 

71-9 

70*0 

72 

104*2 

6*95 

81*8 

6,103 

Fish, C. L. O. 

64-3 


60 3 

08*0 

00*4 

07*6 

177*8 

5*04 

88*0 

0,676 

Fish . 

67*4 

59-3 

53 

60*0 

09*4 

71*8 

106*4 

0*18 

86*1 

6,958 

Milk . 

66-3 

60*1 

69 

71-7 

72*8 

74*8 

148*0 

7*06 

84*4 

4,085 

Beef scrap . 

61-2 

47*4 

44-0 

55 

08*0 

08*0 

138*4 

7*01 

80*9 

4,088 

Milk, Fish Scrap . 

58-2 

491 

30-9 

42*0 

04*5 

081 

141*4 

0*78 

79*9 

4,080 

Tankage, 0. L. O. 

27-9 

41*2 

28*7 

39*4 

57*8 

57*0 

157*2 

0*05 

79*3 

5,890 

Tankage 

10*2 

21-7 

29 

34*9 

48*4 

55 

120*0 

7*44 

78*6 

4,628 


Two yews. 





























NOTES 


NOTE ON THE 


PRODUCTION OF SUGAR DIRECT FROM CANE DURING 
THE SEASON 1930-31. 


Twenty-nine factories making sugar direct from cane worked in India during the 
aawon 1930-31 as again.! twenty-™ in tie previon. aeaaon. Mm"‘ « 

situate*! in tie Province ol Bihar and Orissa, thirteen m the Urnted Provinoa , 
in Bombay, two in Madrwt, on. in Punjab and on. in Burma. A new factory m the 
Punjab started working during the season und-r report. , 

The production of sugar direct from cane by factories m India totted 
32,62,574 mds. or 119.859 tons during the season 1930-31 as agains , , 
or 89,768 tons during the previous season. There was thus an mcreas ^ 

mds or 30 091 tons in the output of sugar during the campa g 
.linat 1929-30. The table below ahowe tie quantity of earnrerouted andIwrga 
STbyth« factories in (1) Biiar and Orima, f2> Xlmtod Provmcea, and (3) 
Bombay, Madras, Punjab and Burma. 


Total for Bihar and Orissa. 

1929-30 

mds. 

1,12,94,684 


Can© crushed • 10,06,797 

Sugar made.‘ 8,94,730 

Molasses obtained • g .90 

Reco/ery per cent. • . 


1930-31 

mds. 

1,4336,013 

13,1**412 

6,42,226 

917 


Total for the United Provinces. 

1929 30 
mds. 

1,29,82,302 

Cane crushed.. 11,67,992 

Sugar made.* ‘ 4,66,608 

Molasses obtained ..* 900 

Reoovery per cent.. 


* Total for Bombay, Madras, Punjab and Burma. 


1929-30 

mds. 

. 20,64,723 

Cane crushed.’ 2,69.097 

Sugar made. 1,02,149 

Molasses obtained.' 1012 

Recovery per oent. . . 


* Figures for 1929-30 exclude Punjab. 

( 70B ) 


1930-31 

mds. 

1,76,05,483 

15,63,096 

6,17,933 

8-86 


1930-31 

mds. 

39,14,006 

3,85,067 

1,61,494 

9*84 


3*2 
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Grand Total. 

1929'80 1980-81 

mds. mds. 


Cane created. 2.69,41,709 8,68.66,802 

Sugar made. 24,48,486 82,62,674 


Molasses obtained. 9,68,887 18,11,652 

Recovery per cent. ®‘07 8'09 

It will bo noticed from the above table that in the year 1930-31, the supplies of 
cane available for crushing were considerably larger in all the Provinces than in 
1929-30. 

The average percentage recovery of sugar in India also shows an improvement, 
having risen from 9‘07 to 9‘09 in 1930-31. It is gratifying to note that the general 
efficiency of the factories making sugar direct from cane is steadily increasing. Out 
of the 29 factories that worked in India during the season 1930-31 the percentage 
recovery of two factories is above 10, of twelve factories above 9, of eleven factories 
above 8 and of only four below 8. 

During the season 1930-31, India’s production of molasses by modern factories 
makin g sugar direct from cane totalled 13,11,052 mds. as against 9,63,387 mds. in 
1929-30, or an increase of 3,48,265 mds. over the previous season. 

A review of the last five seasons’ average percentage recovery of sugar from cane 
is given in the table below. It will bo seen that the factories in Bihar and t)rissa 
continue to maintain satisfactory improvement, whereas the factory side of the 
industry in the United Provinces, Bombay, Madras, Punjab and Burma taken to¬ 
gether shows a drop in recovery during 1930-31 in comparison with the last year. 


Name of the Province 

1926-27 
Tecovery j 
per cent. 

1927-28 
reoovcry 
per cent 

1928-29 
recovery 
per cent. 

1929 it) 
reooveiy 
per cent. 

1930-31 
recovery 
per cent. 

Bihar and Orissa. 

8*67 

8*80 

8-61 

8'90 

9*16 

United Provinces . . 

7*93 

8*07 

8-87 

9*00 

8*88 

Bombay, Madras, Punjab and Burma 

10*26 


9-93 

10-12 

9*83 

Total for India 

8*49 

8*62 

8-59 

907 

9*09 


Statistics regarding the production of refined sugar by refineries in India will be 
collected, collated and published in due course. 


I take this opportunity of expressing my thanks to the Proprietors and the 
Managing Agents for supplying the statistics worked up in this note. [R. C. Srivas- 
JAVA.] 
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THE IMPERIAL AGRICULTURAL BUREAUX. 

The Imperial Agricultural Bureaux have, during the last few months, under¬ 
taken the periodical issue of abstracts (or extended titles) of current literature in 
the branches of soienoe in which they are interested. Brief particulars are as 
follows:— 





.Price 


Issued by the Impel ial 
Bureau of. 




Title. 

How issued. 

Annual 

subscription. 

Single 

copies. 




s. 

8 . ( 1 . 

Plant Breeding Ab¬ 
stracts. 

Plant Genetics, Cambridge, 
England. 

Printed (quarter- 

iy)* 

5 

1 0 

Herbage Abstracts . 

Plant Genetics, (Herbage 
Plants) Aberystwyth, Wales. 

Printed (quarter¬ 
ly)* 

5 

1 G 

Technical Communi¬ 
cations. 

Soil Science, Rothamsted, 
Harpenden, Herts, England. 

Duplicated 

Various. 

•• 

Horticultural Ab¬ 

stracts. 

Fruit Production, East Mail¬ 
ing, Kent, England. 

Printed (quarter¬ 
ly). 

r> 

1 0 

Veterinary Bulletin • 

Animal Health, Weybridge, 
England. 

Printed (quarter¬ 
ly at present). 

20 

7 G 

Animal Nutrition Ab¬ 
stracts and Reviews. 

Animal Nutrition Rowett 
Research Institute, Buoks- 
burn, Aberdeen, Scotland. 

Printed (quaitor- 

iy). 

21 

6 0 

(а) Quarterly Bulletin 

(б) Monthly List of 
References. 

►Animal Genetics, Edinburgh. 

Printed (quarter¬ 
ly)* 

Du p 1 i c a t e d 
(monthly). 

Free at present 
s. 5 p. a. 
next year. 
Free at present. 

1 6 


The Rothamsted list of extended titles will include the titles of all articles 
which the Bureau have indexed on their cards so that any research worker who 
takeB in this journal will have at hand a complete index of the current literature 
available at Rothamsted. The same is true of the Imperial Bureau of Animal 
Genetics except that certain references collected for visiting research workers to 
the Department of Animal Genetios and not of interest to the general worker in 
this field are omitted. Thus the list of titles is to some extent selected, but the 
widest possible range is covered with regard to the needs of the correspondent of 
the Bureau. 

It will be noted that all the publications have been priced. This is necessary 
as there is clearly a limit to whioh the Bureaux can undertake the free distribution 
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of their literature. On the other hand arrangements have been made to supply a 
considerable number of copies free varying with the different publications. 

The number of free copies of Animal Nutrition abstracts and reviews is strictly 
limited. This journal is a joint effort on the part of the Executive Counoil of the 
Imperial Agricultural Bureaux, the General Medioal Research Council and the 
Reid Library at the Rowett Institute, Aberdeen. The soientifio reason for this 
joint effort is apparent. On questions of nutrition it is impossible to draw a 
strict line between the research undertaken primarily for human benefit and that 
undertaken primarily for the benefit of stock. Both those who are working on 
human problems and on stock problems are interested in each others’ progress in 
research. As three different bodies are financing this venture it was found 
necessary to limit the number of free copies issued. 

Concurrently with the issue of these abstracting journals, papers will be issued 
by all the Bureaux on particular technical problems or containing bibliographies 
on special research questions as hitherto. 

Plant Breeding Abstracts. 

The Imperial Bureau of Plant Genetios has begun to issue a publication entitled 
“ Plant Breeding Abstracts ” in which all the more important current publications 
dealing with plant breeding and the genetics of crop plants are listed. The refer¬ 
ences are classified according to subject and each reference is followed by an 
abstraot indicating the subject matter of the paper and the results obtained. The 
papers are divided into two halves, those published in the British Empire and 
those published in foreign countries. Papers written in foreign languages are 
usually abstracted somewhat more fully than papers in English. 

“ Plant Breeding Abstracts ” is issued quarterly and Vol. I, No. 3 which was 
published on April 1st, 1931, contains 197 references oovering 62 pages. 

The annual subscription for the publication is at present 6s. post free, single 
copies being obtainable at price of 1/6. Subscriptions should be sent to the 
Deputy Director, Imperial Bureau of Plant Genetics, School of Agriculture, 
Cambridge, England. 

THE BOARD OF ECONOMIC ENQUIRY, PUNJAB. 

A meeting of the Board of Economic Enquiry, Punjab, was held by Mr. Calvert, 
Financial Commissioner (Development), Chairman of the Board, in Lahore on Wed¬ 
nesday the 22nd April 1931. 

The meeting was informed that reports of the village surveys of Jullundur, 
Rohtak and Lyallpur districts are now in the press; and then proceeded to consider 
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those of Rawalpindi, Gujranwala, Multan, Sialkot and Hissar which are in prepara¬ 
tion for the press; also those of Gurdaspur, Kangra, Attook, Lahore, Gurgaon, 
Jhelum, Montgomery which are with the members in charge of the sub-committees. 
Village surveys for the districts of Muzaffargarh and Ferozepore are in progress. 

Among the miscellaneous enquiries, it was stated that the reports of the Farm 
Aooounts in the Punjab for the year 1928-29 had been printed and that copies had 
been sent to members, while a large portion of the same report for the year 1929-30 
had been sent to the press and the remainder of it had been received from Professor 
Kartar Singh, the author. 

Those under preparation are the reports of Enquiries into the Milk Supply of 
Lyallpur and Lahore; Marketing conditions and Practices in the Punjab; Weights 
and Measures; the Economic Conditions of Gur-makers in the Punjab; the Eco¬ 
nomic Aspeots of Cultivation of Lao in the Punjab; a Cattle Survey of the Bohtak 
District and a Note on Food Prices, 1921-30, eto. 



Personal Notes, Appointments and Transfers, Meet¬ 
ings and Conferences, etc. 

With reference to the Government of India, Department of Education, Health 
and Lands, Notification No. 1605-Agri., datod the 17th September 1929, Diwan 
Bahadur Sir T. Vijayaraghavacharya, K.B.E., on his retirement from tho Madras 
Oivil Servioe h« been ro-omployed as Vioo-Ohairman of the Imperial Counoil of 
Agricultural Rese^oh with elect from the forenoon of the 27th August 1930. 


His Excellency the Governor-General in Council is pleased, under tho provisions 
contained in Rules 1 and 43 of the Rules and Regulations of tho Imperial Counoil of 
Agricultural Research, to appoint the following as members of tho Imperial Council 
of Agricultural Research and also as members of its Advisory Board :— 

]. Director of Agriculture, Mysore. 

2. Superintendent, Civil Veterinary Department, Mysore. 


Ilis Excellency the Governor-General in Council has been pleased, under the 
provisions contained in Rules l and 22 of the Rules and Regulations of the Imperial 
Oounoil of Agricultural Research, to appoint tho member in charge of Agriculture, 
Mysore Executive Council, as a mamber of the Imperial Council of Agricultural 
Research and alBO as a member of its Governing Body. 


In pursuance of clause (xi) of section 4 of tho Indian Cotton Cess Aot, 1923 
(XIV of 1923), the Governor-General in Council has been pleased to appoint Mr. 
Girdharlal Kotak to be a membor of the Indian Central Cotton Committee, 
Bombay, for a period of 3 years from the 1st April 1931. 


Madras . 

Mb. G. R. Hxlson, B.Sc. (Epjn.), I.A.S., Officiating Director of Agrioulture, 
Madras, has been granted leave on average pay for two months and thirteen days 
ana leave on half average pay for oue year, two months and ten days in continua¬ 
tion thereof, with effect from 14th May 1931. 

( 710 ) 
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Hr. R. C. Bboadfoot, Officiating Principal, Agricultural College, Coimbatore, 
on relief by Mr. C. Tadulinga Mudaliyar, has been appointed to officiate as Cotton 
Specialist, Coimbatore, until fuitbcr orders. 


The following probationers have been appointed to be members of the Madras 
Agricultural Service in Class I with effect from the dates noted against them:— 

1. Mr. M. U. Vellodi, L.Ag.,— 7th October 1929. 

2. ,, R. Swami Bao, L.Ag.,—10th October 1929. 

3. „ G. Jogi Raju, Dip. Agri.,—14th October 1929. 

4. „ M. Viraraghava Rao, L. Ag.,—15th October 1929. 


Mb. D. B ai, ax r is i , n am r rti , Dip. Agri., Deputy Director of Agriculture, II 
Circle, Madras, has been granted leave on average salary for one month and twenty- 
eight days preparatory to retirement with effect from 17th August 1931. Mr. C. 
Ramaswami Nayuou, B.A. (Cantab.), District Agricultural Officer, Guntur, has been 
appointed to bo in charge of the current duties of the post in addition to his own 
until further orders. 


Mb. K. S. Viswanatha Ayyar, B.A., Assistant Agricultural Chemist, Coim¬ 
batore, has been granted leave on half average salary for four months from date 
of relief. 

Mb. P. A. Raghunatiiasw ami Ayyangar, Upper Subordinate, I grade, Assist¬ 
ant in Chemistry, has been appointed to be Officiating Assistant Agricultural Che¬ 
mist, Research Institute, Coimbatore, vice Mr. K. S. Viswanatha Ayyar granted 
leave. 

il 


Bombay. 

Mb. J. P. Daubi has boon appointed to be Assistant Professor at the Bombay 
Veterinary College, vice Mr. P. F. Miranda, G.B.V.C., retired. 


m 

Mb. M. N. Gokhale, has been allowed to continue to act as As sistant 
Professor of Chemistry, Agricultural College, Poona, vice Mr, V. G. Patwar dha n on 
leave. 
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Bengal. 

Mb. G. S. Dutt, I.C.S., Collector of Birbhum, has been appointed to be an 
official member of the Board of the Agricultural Department in Bengal, recon¬ 
stituted in Resolution No. 43-T. A. L, dated the 23rd April 1930. 


Mb. G. S. Dutt, I.C.S., Collector of Birbhum, has been appointed to be an 
official member of the Bengal Silk Committee, reconstituted under the Bengal 
Agricultural Department Resolution No. 3508-Agri., dated the 19th July 1930. 


United Provinces. 

Mb. G. Clabke, O.I.E., I.A.S., Director of Agriculture, United Provinces, has 
been granted leave out of India on average pay for eight months, with effect from 
July 2, 1931, followed by leave on half average pay up to and including October 
22,1933, preparatory to retirement. 


Mb. N. C. Mehta, I.C.S., Director of Land Records, United Provinces, has 
been appointed to hold charge of the duties of the Directoi of Agriculture, United 
Provinces, in addition to his own duties, with effect from July 2,1931. 


Mb. N. C. Mehta, I.C.S., Director of Agriculture, United Provinces, *has been 
appointed to be Vice-Chairman of the United Provinces Agricultural Research Com¬ 
mittee vice Mr. George Clarke, C.I.E., proceeded on leave preparatory to retire¬ 
ment 


Rai Bahadur S. C. Banerji, Assistant Agricultural Chemist to Government, 
United Provinces, has been granted leave on average pay for four months with 
effeot from July 1,1931, or subsequent date of relief. 


Punjab. 

Mb. J. S. Garewal, M. R. C. V. S., 1. V. S., has been confirmed in his ap* 
pointanent as livestock Officer and Assistant to the Director, Veterinary Services 
(for breeding), with effect from-the 13th March 1931. 
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Mb. J. F. Shirlaw, M. R. 0. V. S,, Professor of Pathology and Bacteriology, 
Punjab Veterinary College, Lahore, has been transferred to Muktesar, United 
Provinces, with effect from 13th June 1931. (Services plaoed at the disposal of the 
Government of India as Temporary First Veterinary Research Offioer at the 
Imperial Institute of Veterinary Research). 


The appointment of Seth Mahammad Sarwab, M. R. C. V. S., to a special 
temporary post in the Civil Veterinary Department, Punjab, for a period of two 
years with effect from the 13th July 1929, has been extended for a further period 
of one year with effect from the 13tb July 1931. 


Mr. W. S. Rea>>, P. V. S., Assistant Superintendent (Fodder), Government 
Cattle Farm, Hissar, has been appointed as Officiating Superintendent, Govern¬ 
ment Cattle Farm, Hissar, with effect from the 29th June 1! 31. 


S. Santokii Singh, B.A. (Oxon.), B.So., (Agrio.), Officer under training at 
the Government Cattle Farm, Hissar. is appointed as Officiating Assistant Superin¬ 
tendent (Fodder), Government Cattle Farm, Hissar, with effect from the 29th June 
1931. 


Ch. Jai.nti Ram, Officiating Deputy Superintendent, Civil Voterinary Depart¬ 
ment, Gurgaon, has been appointed as a Deputy Superintendent, Civil Veterinary 
Department, Rohtak, on two years’ probation with effect from the 4th February 
1931. 


Ch. Jalal Mu' ! ammad Ki an, P.V.S., Deputy Superintendent, Civil Veterinary 
Department, Dera Ghazi Khan, has been confiimed in his appointment with effect 
from the 20th April 1931. 

m 


S. Asa Singh, P. V. S., Deputy Superintendent, Civil Veterinary Depart¬ 
ment, has been confirmed in his appointment with effect from the 20th April 1931, 
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The Punjab Government (Ministry of Agriculture) has been pleased to order 
that the po3t of 44 Personal Assistant to the Director of Agriculture, Punjab 99 shall 
be designated “ Assistant Dnootor of Agriculture (Administrative), Punjab/' with 
effect from the 16th June 1931. 


Da. R. L. Chopr v, M A., Ph.D., Assistant to the Entomologist to Govern¬ 
ment, Punjab, Lyallpur, and in additional charge of the duties of Entomologist to 
Government, Punjab, Lyallpur, has been appointed as Officiating Entomologist to 
Government, Punjab, Lyallpur, in addition to his duties as Assistant to the Ento¬ 
mologist to Government, Punjab, Lyallpur, with effect from the 21st July 1931. 


3. L\bu Sing r, L.Aa. ,B. So., P. A. S., in chirge of the duties of Associate 
Profesm of Agriculture Punjab Agricultural College, Lyallpur, has been appointed 
a* Ofij^ i? > c 3nv o c Ag *io lit ire Punjab Agricultural College, Lyallpur, 
vice Mr. D. P. Johnston, granted leave, with effect from the 21st February 1931. 


3. Kart\r Sinu'i, L.Ag., B.So., N. D. D., P. A. 3., Assistant Professor of 
Agriculture Punjab Agricultural College, Lyallpur, has been appointed to be in¬ 
charge of th3 duties of Associate Professor of Agriculture, Punjab Agricultural 
College, Lyallpur, with effect from the 21st February 1931, vice 3. Labh Singh. 


Burma. 

On completion of his training, Mr. J. Smit , M. R. C. V. 3., Veterinary 
Research Officer, is re-posted as Veterinary Research Officer, Burma, with head¬ 
quarters at Rangoon. 



REVIEWS 


The Agricultural Situation in 1929-30.— (International Institute of Agriculture, 
Home). 

This very, interesting publication is the first of its kind, published by the 
International Institute of Agriculture, the intention being that it should foim 
the starting point of a series of Economic Commentaries on the agricultural situa¬ 
tion of the world in general and of individual countries in particular. The agri¬ 
cultural industry in all countries is now passing through a giavc crisis, and the 
causes that have led to it are of complex origin of a more or less general kind 
affecting the economic life of the whole world. Though monetary conditions and 
commercial polioy are given as two powerful factors that have contributed to the 
present distress, the fundamental causes are traced to agriculture itself, to the 
changes that have taken place sinco the war in the different phases of the agri¬ 
cultural industry, and to the modifications that have arisen of the relations bet¬ 
ween supply and demand of agricultural produce in the world markets. The book 
under review analyses the general causes of world depression and examines the 
various influences to which each country is subject, also the methods, govern¬ 
mental or voluntary, adopted by it to alleviate the distress of the farmer. 

The marketing of agiicultural produce to meet the world requirements and the 
causes of the present low priccB are examined. It is shown that cereals play a 
very important part in the present crisis and that they have influenced the posi¬ 
tion of other crops. The world production of wheat increased during thd period 
1909-13 to 1925-28 from an average of 823 million quintals to an average of 
966 milli on quintals and allowing for an increafed consumption owing to an 
increase of world population estimated at 10 to 11 per cent, during this interval, 
there was still a surplus of 5 to 6 million quintals. This fact is put forward to 
explain in part the congestion of the market and the accumulation of huge stocks. 
Besides, the authors Btate that the standard of world dietary seems to be chang¬ 
ing and that tho increase in consumption in urbanised areas of product-! contain¬ 
ing concentrated nourishment, such as dairy products and products of ani m a l 
origin, has tended to diminish the use of starchy foods such as wheat. Amongst 
the other causes of decline in the aggregate demand for food grains, are mentioned 
the rapid development of mechanical transport replacing horse traffic whose ra¬ 
tions Qonsist mostly of oats, and the reduction in the world consumption of al- 

( 715 ) 
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ooliol whioh needs oereals lor its distillation and brewing. It is stated that as 
a consequence the prices ol oereals have undergone considerable changes; the in¬ 
dex numbers of the wheat prices given show that with 100 for the year 1T26, 
the 1929 level stood at 79 and a similar story is told with regard to other agri¬ 
cultural products. The industrial crisis has influenced all branches of the farm¬ 
ing industry, but its influence has been chiefly felt in the sphere of raw materials 
necessary for textiles. While there has been a continuous increase of world pro¬ 
duction in cotton, wool, flax, jute and hemp, the industry could not absorb all 
of them except at very low prices. The crisis rendered specially difficult by the 
fact that in face of a general oollapse in prices, the costs of production refused 
to fall in the same proportion owing to heavy wages and social and fiscal changes. 
Thus countries have been forced to seek remedial measures to avoid the abrupt 
decline in prices. Canada with its Wheat Pool, U. S. A. with its Federal 
Farm Board, Australia and New Zealand with similar organisations are stabilis¬ 
ing their home markets; while the importing countries threatened by foreign 
competition have raised tariff walls and have given subsidies to safeguard their 
own farmers. 

Side by side with these measures, intended merely to give temporary relief 
to the farmer, most countries concerned are directing their energies towards effect¬ 
ively organising the distribution of products on the market and reducing the 
marketing costs. Attention is also drawn to the fact that a careful study is 
needed of the costs of production whioh should be kept as low as possible, the 
present agricultural crisis has acted as a stimulus for the development of farm 
accountancy and the scientific organisation of production. All this work of in¬ 
vestigation in regard to agricultural economy and organisation is nO*less chara¬ 
cteristic of the present agricultural situation than are the more practical measures 
taken by the Government or the parties oonoerned. It is pointed out that the 
oardinal problem of the present day is no longer that of ensuring production and 
of providing the needs of the world, but of securing an effective basis to avoid a 
crisis such as that with which the whole world is faced today. The various 
efforts and measures, taken by the Governments and voluntary organisations in 
individual countries to meet the situation are detailed in the book. The steps 
taken by the most organised and developed states in the world, such as U. S. A. 
and Canada, naturally differ from those in whioh agricultural methods are less 
advanoed. 

The International Institute of Agriculture has done good servioe in bringing 
out this publication, and it is hoped that the later volumes will extend the en¬ 
quiry to other branches of the farming industry. [M. V.] 
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Report of the Proceedings of the 4th World’* Poultry Congress, at the Crystal 
Palace, London, England: July 22-30,1930, pp. 1023.—(His Majesty's Stationery 

Office, London: 1931.) Price 10s. 6d. net. 

The official report of the 4th World’s Poultry Congress recently published is a 
mine of authentic information on the latest advanoes in Poultry Husbandry and 
should be read by all who are interested in the scientific development of the 
industry. 

The report of the proceedings is conveniently divided into six sections, inolu* 
ding that devoted to rabbits, viz : 

Section A.—Breeding and Inoubation. 

Section B.—Nutrition and Rearing. 

Section C.—Diseases and their Control. 

Seotion D.—Economics (including Marketing). 

Section E.—Education and General. 

Seotion F.—Rabbits. 

In each section valuable papers, by experts of world-wide reputation, will be 
found which will well repay careful study by a wider public than those interested 
solely in poultry. For instance, the article by Dumon on the effects of in-breeding 
is a most valuable study of this much debated subject and the conclusions drawn 
therefrom might well be applied b> breeders of live-stock of other sorts, in order to 
minimize the ill-effects of in-breeding, which in spite of its inherent dangers, has 
undoubtedly rendered great service in forming our modern breeds of live-stock. 

The sections dealing with Nutrition, Diseases, and Economics in poultry hus¬ 
bandry are equally meritorious and should be of great practical value to all who 
are interested in any section of Animal Husbandry. [A. 0.] 

Horticultural Abstracts, Vol. I, No. 1, March, 1931.— Published by the Im¬ 
perial Bureau of Fruit Production, East Mailing, Kent, England. Price 5s. yearly. 

A greater recognition of the value of research in food-production—a fundamental 
industry —has stim dated invest gation in orop-production, as well as, in crop- 
utilisation. The problems involved are engaging the attention of a growing number 
of workers in different parts of the world. This necessitates a system of inter¬ 
change of ideas and rapid dissemination of information obtained by different inves¬ 
tigators, working in different countries and publishing the results of their researches 
in different languages. Therefore, to investigators and teachers, producers and 
consumers, nothing is more welcome than a publication which gives ready and up-to- 
date information regarding the investigations which are being carried out in differ¬ 
ent parts of the world, and the results obtained by different workers. The * Horti¬ 
cultural Abstracts ’ satisfies this need in so far as the production, storage, transport 
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and utilisation of frait are concerned. It also deals with crops like tea, oaoao, 
coffee, etc., etc. 

The first number covers the first quarter of the year 1931. The names of 
authors, the titles of papers and the names of periodicals appear in different types 
and in separate lines. Eeference to the numbers of the Brussels International 
Decimal Classification is a useful feature of the Abstracts. 

The classification of the abstracts under different heads necessitates cross- 
references. For instance, item 8. Gerhart—“ .Respiration in strawberry fruits ”, 
should also be included under the head Physiology ; similarly, item 94. Auchin- 
leck “ Storage of cacao in the tropics ''should also be placed in the special division 
‘ Storage and Transport'. 

The paper and printing are excellent. We welcome this us oiul publication. 
[M. A. II.] 



NEW BOOKS 

On Agriculture and Allied Subjects 

Soil Management. By Norman B. Bear. Second Edition. (New York : John 
Wiley and Sons, Ino.; London : Chapman and Hall, Ltd., 1931.) 17*. 6 d. net. 

Gardening Made Easy : the A. B. C. of the Garden. Edited by E. T. Cook. 
Ninth Edition, Revised and Enlarged. Pp. 222. (London : Country Life, Ltd., 
1931.) 38. 6 d. net. 

All about Gardening. By J. Coutts. New and Revised Edition. Pp. 384. 
(London : Ward Look & Co., Ltd., 1931.) 6*. net. 

Commercial Ououmber culture. By J. W. Craig. Second Edition, Revised 
and Enlarged. Pp. 47. (London : Ernest Benn, Ltd., 1931.) 2s. 6 d. net. 

The Profitable Small Farm. By E. Graham. Pp. 221. (London: Peter 
Davies, Ltd., 1931.) 7*. 6 d. net. 

The Principles of Potato Production. By E. L. Nixon. (New York : Orange 
Judd Publishing Co., Ino.; London : Kegan Paul and Co., 1931.) 7s. 6 d. net. 

Fruits and Fruit oulture in the Dutch East Indies. By J. J. Ochse, in colla¬ 
boration with Brink, R. C. Bakhulzen van den. English Edition of Vruohten en 
vruohtenteett in Noderlandsch- Oost-Indie (Batavia : G. KolfE and Co., 1931.) 
17*50 guilders ; 7 dollars ; 30s. 

Vegetables of the Dutch East Indies (Edible tubers, Bulbs, Rhizomes and 
Spices inoluded.): a Survey of the Indigenous and Foreign plantB serving as Pot 
herbs and Side-dishes. By J. J. Ochse, in collaboration with Brink, R. C. Bakhuizen 
van den. English Edition of ‘ Indisohe Groenten ’ (Buitonzorg: Archipel 
Drukkerij, 1931.) 17*50 guilders ; 30s.; 7 dollars. 

The Making of New Grassland : Experiences of Praotioal Farmers, Being the 
Report of a conference held at Rothamsted on 11th February 1931, under the 
Chairmanship of Sir Daniel Hall. With Contributions by the Earl de la Warr, Sir 
John Russel, Sir Daniel Hall, J. CruiokBhank, W. M. Findlay, A. MaoArther, Major 
J. Keith, J. Alston, W. S. Mansfield, C. H. Gardner, Capt. A. R. MoDougal, M. 
Jones and others. Pp. 61. (London : Ernest Bonn, Ltd., 1931.) 2*. 6d. net. 

Range Sheep and Wool in the Seventeen Western States. Part I: Range 
Sheep, by Fred S. Hultz; Part II: Wool, by John A. Hill. Pp. xvji-f-374 (New 
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Tork: John Wiley and Sons, Xno.; London: Chapman and Hall, Ltd., 1981.) 
16s. net 

Oil-o&kes and Extracted Meals. By H. E. Woodman. Bulletin No. 11 o! the 
Ministry of Agriculture and Fisheries. Pp. vm+32. (London: H. M. Sta¬ 
tionery Office, 1931.) 9d net. 

The Scientific Aspects of Babbit Breeding. By J. N. Pickard and F. A. E. 
Crew. Pp. rx-fl22-(-12 plates, (Watmonghs, Ltd., 1931.) 

The Soil and the Miorobe : An Introduction to the study of the Microscopic 
Population of the Soil and its Bole in Soil Processes and Plant Growth. By S. A. 
Waksman and B. L. Starkey (The Wiley Agricultural Series.) Pp. xi+260. 
(New York : John Wiley and Sons, Inc.; London : Chapman and Hall, Ltd., 
1931.) 17«. 6d.net. 

Researches on Fungi. Vol. 4 : Further Observations on Coprini together with 
Some Investigations on Social Organization and Bex in the Hymenomyoetes. By 
A. H. B. Butler. Pp. xin-f 329+4 plates. (London, New York and Toronto . 
Longmans, Green and Co., Ltd., 1931.) 21s. net. 

Taxonomy of the Flowering Plants. By A. M. Johnston. (The Century 
Biological Series.) Pp. xxi+864. (New York : The Centry Co.; London: 
D. Appleton and Co., 1931.) 25s. net. 

A History of Entomology. By E. 0. Essig. (New York : Maomillan and Co., 
1931.) 42s. net. 

A Text-book of Experimental Cytology. By J. Gray. Pp. x+516. (Cam¬ 
bridge : At the University Press, 1931.) 25s.net. 

Hand-book of Protozoology. By Richard Boksabro Kudo. Pp. vm+451. 
(London : Baillifcre Tindal and Cox, 1931.) 25«. net. 

The Begulation of Size as illustrated in Unioellular organisms. By E. F. 
Adolph. (General Biology Series, Vol. I) Pp. vm+234. (London: Bailliere 
Tindal and Cox, 1931.) 20«. net. 

Plant Life through the Ages. A. Geological and Botanical Retrospect. By 
A. 0. Seward. Pp. xxi+601. (Cambridge: At the University Press, J9S1.) 
30*. net. 

Life: Outlines of General Biology. By Sir J. A. Thomson and Patrick Geddes. 
In two Volumes. Vol. I. Pp. xix+714. Vol 2. Pp. xi+715-1515. (Lon¬ 
don : Williams Norgate Ltd., 1931.) 63«. net. 

Hand-book of Chemical Microscopy, Vol. 2. Chemioal Methods and Inorganic 
qualitative Analysis. By E. M. Ghamot and 0. W. Mason. Pp. ix+411. (Hew 
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York: John Wiley and Sons, Xno.; London : Chapman and Hah, Ltd., 1931.) 
22*. 6i. net. 

Recent Advances in Microsoopy : Biological Applications : Medicine. By A. 
Piney ; The Living Bye. By Baal Graves ; Zoology. By B. W. Maobride and H. R. 
Hewar; Botany. By B. C. Barton-Wright. Edited by A. Piney. Pp. yiitI- 260. 
(London : J. and A. Churchill, 1931.) 12*. 6 d. 

The Chemical Activities of Micro-organisms. By A. J. Eluyver. Pp. 109. 
(London : University of London Press, Ltd., 1931) 4 s. 6 d. net. 

Bconomio Biology: for Students of Sooial soience. Part 2 : An imal and 
Vegetable Products. By P. 0. Esdaile. Pp. xv-f-231. (London: University of 
London Press, Ltd., 1931.) 10*. 6 d. net. 
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SUGARCANE SORGHUM HYBRIDS* 

(An Appeal for Seeds of Wild Sorghum.) 

Having raised intergenerio hybrids between the sugarcane (P. O. J.-2725) and 
sorghum (Sorghum Durra, Stapf) for the last two seasons-* over 75,000 in number 
—and having secured in the hybrids undoubted evidenoe of their hybrid nature, 
the time would appear to have arrived for fully developing this work. 

The chief use for this hybridisation would appeal* to lie in the possibility of 
breeding short duration oanes. Seven hundred hybrids planted out during the first 
season have yielded half a dozen types maturing in six months and with satis¬ 
factory juice. One direction, however, in whioh they could be improved with 
advantage is in the matter of tonnage. In future crossings it is proposed to use as 
parents on the sugarcane side not only canes more vigorous in growth than 
P. O. J.-2725 but also various forms of vigorous growing Saccharum spontaneum, 
of which a certain number are available at Coimbatore. 

It is now desired to secure a collection of wild sorghums to try and introduce 
vigour—i.e., tonnage—from the sorghum side also. The undersigned will feel 
highly indebted to persons or institutions that would kindly favour him with such 
seeds. Through the kindness of the authorities in the U. S. A. and Hawaii, a fair 
collection of the sweet or “ honey ” sorghums has been secured. The seeds now 
desired are of wild sorghums with plenty of vegetative vigour and good tillering. 
The seeds if from outside India will need to be kindly fumigated and certified as 
above before despatch. All such help will be gratefully acknowledged in future 
publications. 


T. S. VENKATRAMAN, 
Government Sugarcane Expert, 
Lawley Road Post (Vid Coimbatore , Soiuh India). 



List of Agricultural Publications in India from 1st 
February to 31st July 1931. 



Title. 


Author. 


Where published. 


GENERAL AGRICULTURE. 


1 

2 

Agriculture and Line Stock in India , 
Vol. 1. Parts II and III. Annual Bubs- 
cription Rs. 6 or 9t. 9d. 

The Indian Journal of Agricultural 
Science, Vol. I, Parte I, II and III. 
Annual subscription, Ra. 10 or 16a. 
6d. 

Issued under the authority 
of the Imperial Council 
of Agricultural Research. 
Ditto 

Government of India 
Central Publication 

Branch, Calcutta. 

Ditto. 

3 

The Journal of the Mysore Agricultural 
and Experimental Union (Quarterly). 
Rs. 3. 

E. Narasinha Ayengar 
(Editor), 

Bangalore Press, Banga¬ 
lore. 

4 

The Madras Agricultural Journal 
(Monthly). Annual subscription, 

Rs. 4. 

B. Viswanath and others 
(Editors). 

The Electric Printing 
Works, Coimbatore, 

5 

The Planters' Chronicle (Weekly). 
Price, As. 8 per copy. 

F. E. James (Editor) 

Diocesan Press, Post box 
456, Madras. 

6 

Mural India (Monthly). Annual subscrip¬ 
tion, Rs. 3. 

A. Swaminatha Iyer 

(Editor). 

Magazine Press, Chingle- 
put. South India. 

7 

Journal of the Trichinopoly District 
Agricultural Association (Quarterly). 
Annual subscription, Rs. 1-8 for non¬ 
members, free for members. 

Issued by the Trichino- 
poly District Agricul¬ 
tural Association. 

District Agricultural 

Association, Triohino- 
poly, South India. 

8 

Poona Agricultural College Magazine 
(Quarterly). Annual subscription, 

I Rs. 2-8. 

V. G. Deshpande and 
S. M. Rao (Editors). 

Aryabushan Press, Poona 
city. 

9 

Quarterly Journal of the Indian Tea 
Association . Price, As. 6 per copy. 

Scientific Department of 
the Indian Toa Associa¬ 
tion, Calcutta. 

Catholic Orphan Press, 
Calcutta. 

\ 

10 

The AUahabad Farmer (Quarterly). 
Annual subscription, Rs. 2. 

W. B. Hayes ^Editor) . 

The Mission Press, Alla¬ 
habad. 

11 

Seasonal Notes of the Department of 
Agriculture, Punjab (Quarterly). 

Price, As. 4 per copy. 

Issued by the Department 
of Agriculture, Punjab.' 

Government Printing, 

Punjab, Lahore. 

12 

The Nagpur Agricultural College Maga¬ 
zine (Quarterly). Annual subscrip¬ 
tion, Rs. 3. 

S. M. AH and N. B. Chin- 
ohalkar (Editors). 

Udyam Desha Sevak Press 
Nagpur. 

18 

Proceedings of the Board of Agri- 
oulture in India, held at Fusa on 
the 9th December 1929 and follow¬ 
ing days (with Appendices). Price, 
Rs. 8*10 or 6s. 8d. 

Issued by the Imperial 
Council of Agricultural 
Reeearoh. 

Government of India 
Central Publication 

Branch, Calcutta. 
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u 

Scientific Reports o! the Imperial 
Institute of Agricultural Research, 
Pusa (inoludlng the Reports of the 
Imperial Daily Erperfc, Physiologi- 
oal Chemist, Government Sugarcane 
Expert and Secretary, Sugar Bureau) 
for 1929-80. Prioe, Rs. 8-8 or 6s. 

Issued by the Director, 
Imperial Institute of 
Agricultural Research, 
Pusa. 

' 

Government of India 
Central Publication 

Branch, Calcutta. 

• 

15 

Villager’s calendar for 1981-82 (Kana- 
rese, Telugu and Tamil). 

Issued by the Depart¬ 
ment of Agriculture, 
Madras. 

Government Press, Mad¬ 
ras. 

16 

Digest of the Operations of the De¬ 
partment of Agriculture, Madras, for 
the quarter ending 80th December 
1980. Madras Department of Agri¬ 
culture Digest No. 90. (Engfo f 
Tamil, Telugu, Malayalam and Kana- 
rese.) 

D. An&nda Rao, B. So. 

Ditto. 

17 

1 

Digest of the operations of the De¬ 
partment of Agriculture, Madras, for 
the quarter ending 31st March 1981. 
Madras Department of Agriculture 
Digest No. 91. (English, Tamil, 
Telugu, Malay&lam and Kanarese). 

Ditto 

Ditto. 

18 

Results of Demonstration of Agricul¬ 
tural Improvements in the Madras 
Oirole carried out during 1924-27. 
Madras Department of Agriculture 
Bulletin No. 97. (Tamil). 

Ditto • • • 

Ditto. • 

19 

Notes on the result of chemical, ento¬ 
mological and myoologioal ex¬ 
periments conducted at the Betel- 
vine Research Station, Vellalur, dur¬ 
ing 1925-80. Madras Department of 
Agriculture Pamphlet No. 8. (Eng¬ 
lish, Tamil, Telugu, Malayalam and 
Kanarese). 

B. Vlswanath, PIO., 
P.G.S., Y. Rama- 
ohandra Rao, MJL, 
F.E.S. and 8. Sundara- 
rama Ayyar, M A. 

Ditto. 

20 

Plough early. Madras Department of 
Agrioultuve Broad hints for every day 
use No. I1L (English, Tamil, Telugu, 
Malayalam and Kanarese). 

D. Ananda Rao, B. So. . 

Ditto. 

21 

plough efficiently. Madras Depart¬ 
ment of Agriculture Broad hints tor 
every day use No. IV. (English, 
Tamil, Telugu and Kanarese). 

Ditto . 

Ditto* 
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22 

8ow good teed. Madras Department of 
Agrlonlture Broad hints for every day 
use No. V. (English, Tamil, Telugu 
and Kanarese.) 

G. R. Hilson • 

Government Press, Madras. 

23 

Beware of weeds. Madras Department 
of Agriculture Broad hints for every 
day use No. VI. (English, Telega, 
Malayalam and Kanarese.) 

Ditto . . . 

Ditto. 

24 

Note on pure paddy seed, I circle. 
Madras Department of Agriculture 
Notes No. 2. (English and Telugu.) 

A, 0. Edmonds, B.A. 

Ditto. 

23 

Note on pure paddy seed, VI circle. 
Madras Department of Agrionltare 
Notes No. 3. (English and Tamil.) 

B. Ramiah . 

Ditto. 

26 

Some suggestions to the ryots of the 
IV circle to obtain and keep paddy 
seed pare. Madras Department of 
Agriculture Notes No. 4. (English, 
Tamil and Telugu.) 

M. Govinda Kidavu, 
Dip. Agri. 

Ditto. 

27 

i 

Care and management of cattle manure 
in South India. Madras Department 
of Agriculture Leaflet No. 24. (English, 
Tamil, Telugu, Malayalam and 
Kanarese.) 

V. Muthuswami Ayyar . 

Ditto. 

28 

Green manuring. Madras Department 
of Agriculture Leaflet No. 25. (Eng* 
lish, Tamil, Telugu, Malayalam and 
Kauarese.) 

B. Ramiah . 

Ditto. 

* 

29 

Revised note on tapioca. Madras De- 
partment of Agriculture Leaflet No. 
26. (English, Tamil, TelugUt Malayalam 
and Kanarese.) 

K. Unnikrishna Menon • 

Ditto. 

S 

80 

Telugu songs on improved method of 
paddy cultivation. Madras Depart¬ 
ment of Agriculture Leaflet No. 27. 
(Telugu.) 

D. Balakrishnamurthi . 

Ditto, 

81 

Weeds—Weede—Weeds. Madras De¬ 
partment of Agriculture Leaflet No. 
28. (English, Tamil, Telugu, Kanarese 
and Malayalam.) 

D. T. Chadwick . 

Ditto. 

82 

The Sindhewahe furnace for Jaggery 
manufacture. Madras Department 
of Agriculture Leaflet No. 29. (Eng¬ 
lish, Tamil, Telugu, Kanarese and 
Malayalam.) 

0. Nar&yana Ayyar 

Ditto. 
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| Pure ootton. Madras Department of B. Ramiah . 
Agriculture Leaflet No. 38. (English 
and Tamil.) 


[Government Press, Madras. 


34 Study in intensive farming near Poona B. S. Patel and H. M. Government Central Press, 
under oanal irrigation. Bombay Desai. Bombay. 


under oanal irrigation. Bombay Desai. Bombay. 

Department of Agriculture Bulletin 
No. 164 of 1330 Prioe, As. 4. 

35 Frost of January 1920 and its damage K. V. Joshi . . . Ditto. 

to crops of the Bombay Presidency, 

Bombay Department of Agriculture 
Bulletin No. 165 of 1930. Price, 

Annas 6. 

36 Annual Report of the Department of Issued by the Department Ditto. 

Agriculture in the Bombay Presidency of Agriculture, Bombay. 

for the year 1929-30. Price, Annas 

13. 

37 Season and Crop Report of the Bombay Ditto . . Ditto. 

Presidency for the year 1929*30. 

Price, Annas 5. 

38 Monthly and Annual Rainfall Table in Issued by the Department Bengal Secretariat Book 

the Province of Bengal for 1930. of Agriculture, Bengal Depftt, Calcutta. 

89 Season and Crop Report of Bengal for Ditto . . Ditto 

1930-31. 

40 Dudsar paddy (English and Bengali). Ditto . . Ditto. * 

Leaflet No 3 of 1931 of the Depart¬ 
ment of Agriculture, Bengal. 

41 Notes on improved method of Agri- Ditto . Ditto. 

culture for Bengal with improved 
implements specially designed and 
locally constructed to suit the 
soils, the oattle and the pocket of 
the Bengalee cultivator (English and 
Bengali). Leaflet No. 4 of 1931 of 
the Department of Agriculture, 

Bengal. 


42 Agricultural population In 
Eastern Districts of U. P,— 

1 Gorakhpur 


2. Jaunpur 


. Jai Krishna Mathur, Superintendent, Govt., 
M.A. Press, Allahabad. 

. B. N. Misra, M. A.. . Ditto. 


48 Bulletin No. 50 of the Department of 
Agriculture, U. P. 
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44 

Organization of Wheat Trade in 
N. W. Region, U P. Bulletin Nt>. 61 
of the Department of Agriculture, 
U. P. 

Tiryngi Prasad, M. A. . 

Superintendent, Govt. 

Press, Allahabad. 

40 

Economic Surrey of a Village in 
Oawnpore. Bulletin No. 52 of the 
Department of Agriculture, U. P. 

Ram Misra . 

Ditto. 

46 

Experiments in Electric Farming. 
Bulletin No. 63 of the Department 
of Agriculture, U P. 

Dr. 8. 8. Nehru . , 

Ditto. 

47 

Dynamometer Tosts and Efficiency of 
Some Improved Ploughs. Bulletin 
No. 54 of the Department of Agricul¬ 
ture, U. P. 

C Maya Das 

i 

Ditto. 

48 

A brochure on School Oardons. Bulle¬ 
tin No. 56 of the Department of 
Agriculture, U P. (Revised edition of 
Bulletin No. 34.) 

Issued by the Department 
of Agriculture, U. P. 

Ditto. 

49 

Report on Cotton Purchase Operations, 
1929-30 and 1930 31 Bulletin 

No. 57 of the Department of Agri¬ 
culture, U P. 

Ditto 

Ditto. 

50 

The Farm Tractor in India Bulletin 
No. 5G of the Department of Agri¬ 
culture, U. P, 

0. Maya Das , 

Ditto. 

61 

C. 402. A new variety of Long Staple 
Cotton in U. P. Bulletin No. 58 of the 
Department of Agriculture, U. P. 

Ram Prasad 

Ditto ' 

62 

Studies in Agricultural Improvement . 

0. Maya Das 

Ditto. 

63 

Annual Report of the Department of 
Agriculture, Punjab, for the year end¬ 
ing June 1930, Part I. Prioe Re. 1-6 
or 2*. 2d. per copy. 

Issued by the Department 
of Agriculture, Punjab. 

Government Printing, Pun¬ 
jab, Lahore. 

64 

A copy of Tables of Agricultural Statis¬ 
tics of the Punjab for the year 1929- 
30. 

Ditto 

Ditto. 

66 

Potato crop and its improvement in 
the Punjab. Price, Annas 6. 

D. Milne, 0.1 J5. t B.So., 
I.A.8., and K. S. Oh. AH 
Mohammad, B.So. 

(Agri.), L. Ag. 

Ditto. 

66 

Experiments at the Agricultural Farm, 
Lyallpur. Price, Hs. 2. 

D. P. Johnston, A.R.G. 
ScX, N.D.A. 

Ditto. 
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GENERAL AGRTCULTURE—could. 


57 

How to suooeed with bmeem. Punjab 
Department of Agriculture Leaflet 
No. 90. 

Issued by the Department 
of Agriculture, Punjab. 

Government Printing, Pun 
jab, Lahore. 

58 

Reclamation of Kal&r Soils. Punjab 
Department of Agriculture Leaflet 
No. 91. 

Ditto 

Ditto. 

59 

Methods of Legume inoculation. Punjab 
Department of Agriculture Leaflet 

Ditto 

Ditto. 


No. 92. 



50 

Enquiries regarding Indian oilseed crops 
(Urdu). Prioe, Annas 5 per copy. 

K. S. Ch. All Mohammad, 
B.Se. (Agri.), L. Ag. 

Ditto. 

61 

Season and Crop Report of the Depart¬ 
ment of Agriculture, Bihar and Orissa, 
for 1980-81. 

Issued by the Department 
of Agriculture, Bihar and 
Orissa. 

Government Printing, 

Bihar and Orissa, Gnlsar- 
bagh. 

62 

Annual Report on Experimental 
Farms in Bihar and Orissa for 1929- 
80. 

Ditto 

Ditto. 

68 

Sugarcane Crushing Mills—its adjust¬ 
ment and care. Bihar and Orissa 
Department of Agriculture Leaflet 
No. 1 of 1931. (English and Oriya.) 

Ditto • • 

Ditto. 

64 

Water lifts in Bihar and Orissa. Bihar 
and Orissa Department of Agricul¬ 
ture Leaflet No. 2 of 1931. (English.) 

Ditto 

Ditto. 

• 

65 

Report on Demonstration work carried 
out in the Western Circle, Central 
Provinces, together with the Reports 
on the Seed and Demonstration and 
Cattle Breeding Farms of that Circle 
for the year ending 81st March I960. 
Vol. I. Price, Re. 1. 

Issued by the Depart¬ 
ment of Agriculture, 
Central Provinces. 

Government Printing, 

Central Provinces, Nag¬ 
pur. 

66 

! 

Report on 1 emonstration work carried 
out in the Northern Circle, Central 
Provinces, together with the Reports 
on the Seed and Demonstration Farms 
for the year ending 81st March 1980. 
Price, Re. 1. 

Ditto 

Ditto. 

67 

Report on Demonstration work oarried 
out in the Plateau sub-circle. Central 
Provinces, together with the Reports 
on the Seed and Demonstration 
Farms of that Circle for the year 
ending 81st March 1980. Prioe, 
Re. 1. 

Ditto 

Ditto. 
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Report on Demonstration work carried Issued by the Department 
out in the Southern Circle, Central of Agriculture, Central 
Provinces, together with the Reports Provinces* 
on the Seed and Demonstration Farms, 

Waraseoni and Sindewahi, and the 

Cattle Breeding Farm. Sindewahi, for 
the year ending 31st March 1030. 

Price, Re* 1. 

Report on Demonstration work carried 
out in the Eastern Circle, Central 
Provinces, together with Reports on 
the Seed and Demonstration Farms 
at Chandkhurl, Bilaspur and Drag, 
with that of Cattle Breeding Stations 
attached thereto for the year ending 
31st March 1030. Price, Re. 2-10. 

Ditto 

Annual Reports of Experimental Farms 
of the Southern and Eastern Circles, 
Tharsa and Raipur, Central Provinces, 
for the year ending 31st March 1030. 
Price, Re. 1. 

Ditto 

Annual Reports of Experimental 
Farms, Akola, and the Experimental 
Farm attached to the Agricultural 
College, Nagpur, Central Provinces, 
for the year ending 31st March 1030. 
Prioe, Re. 1. 

Ditto 

Report on the (1) Agricultural College, 
Nagpur, (2) Chemical, Botanical, 
Myoological and Entomological 

Research, (3) Agricultural Engineer's 
Section, (4) Mafaarajbagh Menagerie 
together with the external work of 
the Veterinary Inspector attached to 
the Agjoultural College, Nagpur, 
Central Provinces, for the year ending 
31st March 1030. Price, Re. 1. 

Ditto . 

Annual Reports of Experimental 
Farms of the Northern and Plateau 
Circles, Powarkhera, Adhartal, 

Ghhindw&ra, Central Provinces, with 
that of Cattle Breeding Stations 
attached thereto for the year ending 
31st March 1030. Price, Re. 1. 

Ditto 

How to increase yield in paddy. Leaf¬ 
let No. 2 of 1981 of the Department 
of Agriculture, Assam. (English, 
Asm mate and Bengali.) 

lamed by the Department 
of Agioulture, Assam. 


Wher« published. 


Government Printing, 
Central Provinces, 

Nagpur. 


Ditto. 


Ditto. 


Ditto. 


Ditto. ' 


Ditto. 


Government Press, 

Shillong. 
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Errata to Volume 1. 


Page 250, second column, line 3, for ‘ Solkart ’ read ‘ Volkart’. 

Page 313, line 13, omit — after Actual live weight. 

Page 313, lines 17 and 22, for -04 read -004. 

Page 313, lines 18 and 23, for -03? read -0036. 

Page 313, lines 21 and 23, for ‘ (1000-actual L. W.) ’ read * (actual L. W.-1000)’. 
Page 327, line 26, for * (927) ’ read ‘ (1927) 

Page 368, line 10 from bottom, for ‘ Octori ’ read * Octroi 
Page 372, line 19, for ‘ paymeut ’ read ‘ payment 
Page 417, line 16, for F, F 8 read F x , F 2 . 

Page 419, line 7 from bottom, for 0-92.02 read 0*92 ±-02. 

Page 427, line 18 from bottom, add ” after sick. 

Page 430, first line, for * pounds ’ read ‘ pound 
Page 503, line 10, for [ 1930, 2 ] read [ 1913, 2 ]. 

Page 558, line 4 from the bottom, for ‘ sping ’ read ’ spring \ 

Page 560, line 9 from bottom, for * corps ’ read ‘ crops \ 

Page 568, line 1 .for ' Denial ’ read ‘ Daniel 

Page 574, line 6 from bottom for ‘ thatt he ’ read 1 that the \ 

Page 576, line 8. for ‘ mure ’ read * more 

Page 615, line 12, for ‘ figues ’ read ‘ figures 

Page 633, line 27, for ‘ therefore re,’ read ‘ therefore, re \ 

Page 636, heading of the last column of Table, for * loge ’ read ‘ log, *, 

Page 644, line 13 for ‘ (page 644) ’ read * (page 645) 

Page 646, line 7 from bottom for ‘ (pages 650-653) ’ read ‘ (pages 651-654) 
Page 652, Table III, column 3, facing February 5 there ough^ to be ‘ 6 
Page 655, Table IV, column 3, row 2, for ‘ 9-5 ’ read * 90-5 
Page 655, Table TV, column 7, row 3, for ' 1-45 ’ read ' 1-45 
Page 673, footnote, for * 22nd 28th ’ read ' 22nd-28th 
Page 694, line 20, for ‘ osthreussen ’ read ‘ ostpreussen \ 
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